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Space Agency. It car- 
ries @ 20-30 GHz 
payload, suitable for 
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and other business ap- 
plications. 
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GALLIUM-ARSENIDE: 


A BRIGHT FUTURE? 


Mainly because of the needs of the satellite TV business, but also those of the 
automobile industry, the demand for gallium-arsenide (GaAs) devices is grow- 
ing at a rate not foreseen by many only a year or so ago. Pundits now reckon 
that the world market for GaAs devices will be worth in excess of £2 billion by 
1992. The main requirements will be for monolithic microwave integrated cir- 
cuits (MMICs), field-effect transistors (FETs), and high electron-mobility transistors 
(HEMTSs). 


Gallium-arsenide devices have some important advantages over silicon 
devices. First, they exhibit far greater electron mobility, which means that con- 
siderably faster circuits can be realized than with silicon. Second, they have 
far better thermal stability and greater resistance to radiation, which is of par- 
ticular importance for the production of very fast and highly integrated 
memories. 


On the other hand, silicon has better uniformity, purity, and surface 
smoothness, which results in better control, and thus greater efficiency. 


As far as the state-of-the-art is concerned, much larger and more complex ICs 
can at present be fabricated with silicon. In general, gallium-arsenide tech- 
nology is still well behind silicon technology, but the industry expects that it 
will have caught up by the early to mid 1990s. 


From this, it is clear that the applications for GaAs devices will remain, at least 
for the time being, in those areas where the physical properties of GaAs are 
superior to those of silicon. These areas include the military sphere, aerospace 
industry, aviation, satellite television, and automotive engineering. Initially, the 
use of gallium-arsenide will be confined to small and medium scale ICs, but 
in the not too distant future it will also be possible to use the material for VLSI 
circuits. 


The United Kingdom, through Plessey, has a good lead in Europe in GaAs 
technology—in fact, there is no other European supplier. But competition from 
Japan and the USA is strong. Such an important lead is, of course, worth 
preserving and it is, therefore, encouraging that the Government has recently 
authorized a £25 million GaAs research programme. 


There are, however, quite a few opponents to the GaAs research programme 
who say that this money would be better spent on research into silicon tech- 
nology. Indeed, a number of these researchers believe that within a relatively 
short time silicon circuits will have been developed for speeds up to 25 GHz. 
Not unnaturally, many industry insiders take a very sceptical view of these 
beliefs. 


The government programme for GaAs research has staunch supporters, 
among them the chairman of BICC, Sir William Barlow. During a recent lecture 
at the Institute of Electrical Engineers, Sir William called for a vast fibre-optic 
cable network across the UK for the distribution of satellite TV and data ser- 
vices. Such a scheme would provide a massive demand for GaAs devices for 
use in the necessary decoders and allied equipment. It would also create 
many thousands of jobs over a long period. Alas, it is only a plan that will 
probably never come to fruition owing to the absence of firm, co-ordinated 
policies. 
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FACSIMILE INTERFACE FOR 


ATARI ST 


by P. Neufeld DB9JG 


Are you interested in receiving weather charts and press 


photographs from all over the world? Here is a simple-to-build 
interface that works in conjunction with an Atari ST computer 
running a GFA-BASIC program. 


Radio facsimile transmissions are fairly 
simple to decode and convert to legible 
documents. The information — trans- 
mitted is composed of picture elements 
(pixels), whose relative intensity on the 
black-to-white scale is recorded and 
translated in frequency. Most facsimile 
systems based on electromechanical ap- 
paratus work with a centre frequency of 
1900 Hz, while maximum white and 
black correspond to frequency shifts of 
+400 Hz and -—400 Hz respectively. 
All-electronic facsimile systems use 
other centre freqencies and shifts, e.g., 
+2400 Hz and +1600 Hz. In the 
modernized fax system, synchronization 
of the picture at the receiver side is 
achieved with start and stop tones, 
which are frequency-modulated on to a 
data tone. Typical start and stop fre- 
quencies are 300 and 450 Hz. 


In an electromechanical facsimile re- 
ceiver, a horizontal drum with a sheet of 
electrolytic or photosensitive paper 
secured on it revolves at a precisely 
regulated speed. A stylus is fed with the 
decoded information, and shifts from 
the left (top of picture) to the right (bot- 
tom of picture), under the control of a 
synchronization circuit. This basically 
simple process can be simulated by a 
computer loading digitized pixel inten- 
sity data in a screen memory. As a useful 
extension, received pictures can be writ- 
ten to disk, and/or dumped to a printer 
to obtain hard copy. All of this is poss- 
ible with the present interface, which 
operates in conjunction with a menu- 
driven program. A good-quality short- 
wave receiver with a BFO (beat fre- 
quency oscillator) function, and an Atari 
§20/1040 ST monochrome computer 


system with printer, are also required. 
Provided a suitable decoding program is 
available, the interface described here is 
also be usable for other computers than 
the Atari. This is because it provides a 
fairly simple-to-use serial output signal 
with digital swing (5 Vpp). 


Hardware: facsimile interface 

The circuit diagram of the basic version 
of the facsimile interface is given in 
Fig. 1. The fax signal taken from the ex- 
ternal loudspeaker or headphone con- 
nection on the SW receiver is fed direct 
to the input of phase-locked loop (PLL) 
Ici, This comprises a linear VCO, 
whose output signal (at pin 4) is fed to 
one of the inputs, pin 3, of an internal 
phase comparator. The other phase 
comparator input, pin 14, is driven with 
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Fig. 1. Circuit diagram of the facsimile interface for Atari ST computers. 
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Fig. 2. Optional ADC drive indication based on a LED scale. 
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the AF signal from the SW receiver. The 
error signal at the phase comparator 
output (pin 2), is filtered in loop low- 
pass R3-C2, and fed back to the YCO 
input (pin 9}. The error signal is thus a 
measure of the deviation from the VCO 
centre frequency, determined by Cx, 
(Pi+Ri) and Ro. The PLL error signal 
is first passed through low-pass R-C 
filter Ra-C3-Rs-Ca before buffer Ti 
divides it between three circuits. 

Cs feeds the signal to two PLL tone 
decoders Type NES67, which detect the 
start (IC3) and stop (IC2) tones. These 
are not subject to much attenuation in 
the low-pass filter and are, therefore, 
available as ripple at the emitter of Ti. 
A preset is provided to enable the centre 
frequency of the tone decoder to be set 
to that of the start tone (Ps) or the stop 
tone (P2). Examples of practical start 
and stop tone frequencies are 300 Hz 
and 450 Hz respectively. The output, 
pin 8, of each tone decoder goes low 
when the PLL locks onto the incoming 
signal. The capture range is about 
25 Hz. When the PLL is out of lock, its 
output pulses are rectified by D2-Cis 
(Di-Cio) to maintain a logic low level at 
the output of the associated inverter, Nu 
(Ni). When detected, the start and stop 
tones are translated in logic high levels 
applied to inputs D6 and D7 of ICs. 


The direct voltage provided by Ti has a 
span of about | V to 3.75 V. The instan- 
taneous value represents the intensity of 
each pixel. The emitter voltage of T: is 
fed to the input of analogue-to-digital 
converter (ADC) ICs. This is an 8-bit, 
microprocessor-compatible digitizer, of 
which only the 4 most significant bits, 
D4 through D7, are used to a give a 
maximum of 16 possible shades of grey. 
The frequency of the on-chip clock oscil- 
lator in control of the successive approx- 
imation A-D conversion process is deter- 
mined by external components Ris and 
Ca. A span adjustment, Ps, and an off- 
set adjustment, Ps, are provided to en- 
sure optimum matching to the range of 
the analogue voltage supplied by Ti. In 
practice, the presets serve to define the 
shades of white, grey and black that cor- 
respond to particular tone frequencies in 
the fax signal. 


The quartz-controlled oscillator and fre- 
quency divider built around ICs and IC; 
are of conventional design. Four output 
lines on IC: are used for clocking multi- 
plexer [Cs, which functions as a 
parallel-to-serial converter. It accepts the 
4-bit digitized fax data (DO-D3), start 
and stop bits (D4; D5), and 6 hard-wired 
levels (DO-DI and D8 through D11). This 
data is shifted out in inverted form to the 
computer as a 12-bit serial dataword 
(IC; is reset when its outputs Q3 and 
Q4 are simultaneously logic high), The 
data rate on the output line to the com- 
puter is 9600 bits/s. Although the out- 
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put of the facsimile interface does not 
supply a true RS232 signal, most com- 
puters will not have difficulty reading it 
correctly on the serial port. 
The structure of the serial dataword is 
shown in Fig. 3. Bit 0 is always logic low 
(DO input of 74150 tied to +5 Y). 
Similarly, bit 1 is always logic high (D1 
input tied to ground). Then follow the 4 
fax bits (LSB first). Bits 6 and 7 are the 
start and stop bits, respectively. The fax 
data in the example is 1010 (intensity 
10/16 of white). At the 12th clock pulse, 
counter [C7 is reset by N2-N3. ADC ICs 
receives a WR pulse at pin 3, and a 
new pixel is processed. 


Figure 2 shows the circuit diagram of an 
optional tuning aid. A 74154 4-to-16 
demultiplexer is driven with the digitized 
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Fig. 3. Serial output signal supplied by the fax interface. The signal has a swing of 5 Vopp 


and is TTL-compatible. 
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Fig. 4. Single-sided printed-circuit board for the facsimile interface. 


Parts list 


Resistors (+ 5%): 
Ri = 39K 

Rox 33K 

Ra 2K2 
Ra;R7;Re = 18K 
Rs = 56K 

Ré= 2K2 

Ro;Rto= 1KO 
R11;R12= 100K 
R13=6K8 
R14=100R 
Ri5=3K3 
Ri6=270K 

P1= 250K preset H 
P2;P3= 25K preset H 
P4= 1K0 preset 
Ps =5K0 preset H 


Capacitors: 

Note: Electrolytic types are radial unless 
otherwise noted. Specified working voltage is 
minimum. 

C1=100u; 10 V 

C2=150n 

C3;Cs;Ce;C16=22n 

C4a=6n8 

C7;€11=100n 

€8:C9;C12;C13= 10; 10 V 

Ci0:C14=4p7; 10 V 

C156=100u; 10 V; axial 

C17;C20=33p 

€18;C19=60p trimmer 

C21=100p 

C22=10n 


Semiconductors: 
D1yD2= 1N4148 
T1=BCS508 
IC1=CD4046 
IC2iCa=NES67 
iCa= 74150 

iCs = ADCO804 
Ce = CD4060BE 
IC7=CD4040 
ICe=CD4011 


Miscellaneous: 
X1= quartz crystal 2.4576 MHz. 


PCB Type 880109 (see Readers Services page). 
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pixel intensity data, and lights | of 16 
LEDs to indicate relative tone frequency. 


The fax interface is powered from a 
regulated 5 V source. A standard power 
supply, consisting of a mains adaptor (8- 
10 VDC), and a well-decoupled 7805 
three-pin voltage regulator in standard 
configuration is adequate. Power con- 
sumption of the interface, exclusive of 
the optional display, is about 60 mA. 


Construction and setting up 


Construction of the interface is straight- 
forward on the printed circuit board 
shown in Fig. 5. First fit the 5 wire links, 
so that these are not overlooked later. All 
electrolytic capacitors, except Cis, are 
radial types, whose orientation on the 
board should be ascertained before they 
are soldered in place. The optional ADC 
drive indicator and LED read-out are 
built on a small piece of prototyping 
board. This unit is fitted such that the 
LEDs protrude from the front panel of 
the metal enclosure. 

The 5 V regulator may be fitted onto the 
rear panel of the enclosure. A small 
socket as used in cassette recorders may 
be used for feeding in the unregulated 
voltage supplied by the mains adaptor. 
Do not forget to decouple the input and 
output of the 7805 with the aid of small 
tantalum capacitors. 

The input of the fax interface can be any 
suitable AF’ socket (e.g. a jack or phono 
type); the output a length of 2-wire cable 
connected to a female D25 connector 
(pin 7: ground; pin 3: serial signal; con- 
nect pin 8 to 20, and 5 to 6). 


Setting up: 

The fax interface is aligned with the aid 
of a sine-wave generator, a frequency 
meter, an analogue voltmeter and an os- 
cilloscope. 

Before applying 5 V, set all presets and 
trimmers to the centre of their travel. 
Short-circuit the AF input of the inter- 
face. Disconnect Cs from the emitter of 
Ti. Apply power, check the current con- 
sumption, and verify the presence of the 
supply voltage at a number of points in 
the circuit. 

Connect the frequency meter to pin 3 of 
1Ci, and adjust Pi for a reading of 
3.9 kHz. 

Connect the frequency meter to pin 9 of 
ICs, and adjust Cis (and, if necessary, 
Cio), for a reading of 2457.6000 kHz. 
Alternatively, if your frequency meter 
does not reach up to 10 MHz, connect it 
to pin 10 of IC:, and adjust the trim- 
mer(s) for a reading of 9600 Hz. 
Connect the frequency meter to pin 6 of 
IC:, and adjust Ps for a reading of 
300 Hz. Do the same for [C2: set P2 for 
a reading of 450 Hz. 

Connect the output of the sine-wave gen- 
erator to the free terminal of Cs, and 
apply a test signal of about 500 mVpp. 
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Fig. 5. Prototype of the facsimile interface with ADC drive read-out, housed in a small metal 


enclosure. 


Connect the (DC-coupled) oscilloscope 
to pin 8 of IC3. Tune the generator be- 
tween 200 Hz and 500 Hz, and check 
that pin 8 goes low at 300 Hz +15 Hz 
(approximately). Do the same for the 
stop-signal decoder (IC2; 450 Hz 
+15 Hz). Disconnect the generator from 
Cs, and connect this capacitor to the 
emitter of Ti. 

Use the scope to check the presence of 
count pulses at the A-B-C-D inputs of 
ICs. Also check that ICs receives WR 
pulses at pin 3 (these pulses are very 
short, and you may have to turn up the 
scope’s intensity control to see them). 
Connect the voltmeter to pin 9 of the 
ADC, ICs, and set Ps for a reading of 
250 mV. Then set Ps for a reading of 
1.50 V measured at pin 7. Remove the 
short-circuit at the AF input of the fax 
interface, and connect the sine-wave gen- 
erator. Apply about 1 Vp. Connect the 


oscilloscope to pin 2 of the PLL, IC). 
Tune the generator to 3.8 kHz, and 
verify that the pulses displayed are 
steady. Then vary the generator’s output 
frequency between about 3.6 kHz and 
4.7 kHz. The PLL should remain locked 
onto this input signal. This is indicated 
by the changing duty factor of the VCO 
control signal at pin 2. A hysteresis of 
about 150 Hz will be noted at the band 
edges. Simultaneously measure the emit- 
ter voltage of Ti: the PLL lock range 
should correspond to a voltage span of 
about 1.0 V to 3.75 V. Between these ex- 
tremes, the voltage should track 
smoothly with the input frequency. 


The VCO centre frequency is set rela- 
tively high here to achieve sufficient rip- 
ple suppression on the control signal. 
Most modern SW receivers have a wide- 
range BFO, and should not have diffi- 
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culty producing signals of frequencies 
up to about 4.5 kHz. It is possible to 
redimension the PLL for a centre fre- 
quency of, say, 1800 Hz and a lock range 
of 1.45 kHz to 3.5 kHz, by fitting the 
following components: R2=100 k®; 
2=22 nF; Cs=10nF. While ex- 
perimenting, it should be borne in mind 
that VCO frequency and lock range de- 
pend strongly on the make of the 4046 
PLL chip. In the prototype, good results 
were obtained with SGS’s HCF4046, 


The program 


The facsimile decoder program for the 
disk-based, monochrome, Atari 
§20/1040 is written in GFA-BASIC. It 
enables the user to select any of three 
facsimile standards: WEFAX (weather 
chart fax) at two speeds, or DPA 
{Deutsche Presse Agentur), which differ 
in respect of picture orientation. 
Further, the menu prompts the user to 
select the number of shades of grey, up 
to a maximum of 7, Hard-copy and disk 
storage/retrieval functions are also 
availabe. 

In the main program, 320 of the 400 pix- 
els in each fax line are stored in memory 
and displayed on the lower two lines of 
the screen. Following this operation, the 
screen is scolled up by two lines. The 
next line of fax data is not processed in 
view of program speed considerations. 
To achieve synchronization during pic- 
ture transmission, the screen can be 
shifted to the left or right with the aid of 
the cursor keys. The program is halted 
either by reception and recognition of 
the stop signal, or by pressing the F1 key. 
The building of the picture on screen 
recommences after recognition of the 
start signal. The ‘wait for start’ 
subroutine can be left by pressing any 
key on the keyboard. When F2_ is 
pressed, the program halts until any key 
is pressed (pause function). The program 
is ended by pressing the escape key. DIN 
A3-size hard-copy on a _ dot-matrix 
printer may be obtained by holding 
down the alternate and help keys simul- 
taneously. 


The 7 available shades of grey are 
simulated on the screen by means of a 
dot-pattern array, built by the program 
after initialization. 


The screen menu is self-explanatory and 
requires no further detailing here. The 
listing of the decoder program has a 
large number of comment lines to aid 
programmers in analyzing the operation, 
and making = alterations or im- 
provements. 


Practising 


The fax decoder is critical in respect of 
receiver tuning, and some experience is, 
therefore, essential. Initially, start with 
recording on tape of — strong 
meteorological fax stations (many can be 
found between 100 kHz and 150 kHz). 
Play these recordings back into the inter- 
face, selecting only 2 shades of grey with 
the aid of the program menu. It will be 
found that the receiver’s tuning and 
BFO have to be set such that the output 
signals are of relatively high frequency 
(3.5 to 4.5 kHz). Photofax signals (DPA 
mode) can be used for setting the offset 
and span presets (Ps-Ps) in the interface, 
until the picture quality is optimum. The 
span and offset voltages mentioned in 
the alignment procedure are intended as 
guidance only. 
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Stop press: superb photofax 
pictures on the Archimedes! 


Just before this issue of Elektor Elec- 
tronics was going to press a program was 
developed that enables the Archimedes 
computer to work with the facsimile 
interface. Thanks to its ability to display 
true shades of grey, the Archimedes of- 
fers far better resolution of photofax 
pictures than the Atari, Figure 6 how the 
interface is connected to the computer to 
ensure correct voltage levels at the serial 
input port. The program for this com- 
puter is available on disk as order num- 
ber ESS103. Ordering details are the 
same as those for the Atari disk, 
ESS102. i 


The program is available on disk only 
under reference number ESS102. To ob- 
tain this, send the following to our Brent- 
ford office: 

# a formatted 34-inch Atari diskette; 
@ payment as detailed on the Readers 


Services page; 

® a stamped, addressed return envelope 
(overseas readers. please include 3 
IRCs, or £1.00 remittance, for return 
postage). 


i Archimedes 
i? RS 423 «connector 


1=00D 6=D5A 
2eAXO T=ATS 
3-TxD 8=CTS 
4=0TR Sohn 
5=GND 
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Fig. 6. Connection of the interface to an Archimedes computer. 


NEWS 


Anglo-Swedish telephone 
service 


Mercury Communications and_ the 
Swedish Telecommunications Adminis- 
tration are joining forces in the provision 
of switched telephone and other ser- 
vices. Sweden has recently introduced 
legislation that further liberalizes the 
telecommunications market and allows 
for the gradual separation of operational 
and regulatory functions. 

The Mercury-Sweden route, which will 


open early this year, will be all digital 
and will use the new UK-Denmark 4 
fibre optic cable that has just been com- 
missioned. 


IBC beats al records 

IBC88 was even larger than IBC86 which 
in itself was a record-breaking conven- 
tion. There were over 20,000 participants 
from 62 countries at the International 
Broadcasting Convention held at 
Brighton from 23 to 27 September last. 
The well attended Technical Programme 
generated interesting, informed and 
lively discussions with 114 papers 
presented by authors from 14 countries. 


As was expected, the chief interest was in 
High Definition Television—HDTV, 
digital handling of television signals and 
satellite broadcasting; the keynote was 
set in the opening session with a dis- 
cussion of HDTV. Other aspects of 
broadcasting were not neglected, how- 
ever, and the Technical Programme as a 
whole was one of the fullest and most 
varied ever. 

The IBC88 award was presented to Pro- 
fessor Henri Mertens, Assistant Direc- 
tor, Technical Centre, of the European 
Broadcasting Union (EBU), in recog- 
nition of his major contribution to 
broadcasting over a period of many 
years. 
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POWER SUPPLIES: AN OVERVIEW 


The UK power supply business is ex- 
panding in line with market needs. The 
total power supply market in the UK is 
currently worth in excess of £235 million 
and is expected to grow to nearly £400 
million by 1992. The markets in West 
Germany and France show a similar pic- 
ture: that in West Germany is slightly 
larger, and that in France somewhat 
smaller, than that in Britain. The total 
European power supply market in 1987 
amounted to £1.12 billion and this is ex- 
pected to grow to £1.62 billion by 1992. 
The fastest growing sector of the power 
supply market is that for switch-mode 
types, but that for uninterruptible ver- 
sions is not far behind. The latter is a 
direct consequence of more and more 
businesses realizing that loss of vital 
data caused by power failure could land 
them in serious trouble. It should be 
noted that a UPS is NOT synonymous 
with a stand-by power supply: this kind 
of confusion between the two has 
already cost a number of users dearly 
(because no stand-by power supply can 
switch fast enough in the event of mains 
power failure). 


UPS & POWER CONDITIONING EQUIPMENT 
MARKET IN WESTERN EUROPE - 1988 
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Another noteworthy aspect of the power 
supply market concerns the exaggerated 
claims some producers give to switch- 
mode power supplies. There is no doubt 
that these types have definite advantages 
over linear types in some situations, but 
it is equally true that they are NOT 
always the right choice for a given appli- 
cation. In fact, it is probably true to say 
that in the majority of applications they 
are out of place. 

Over the past few decades, the design of 
power supplies has made consistent and 
rapid progress. There are a number of 
reasons for this. One of these is the ever- 
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increasing demand for a wide variety of 
power supplies for an ever larger number 
of applications. Another one is the con- 
tinuing improvement in power compo- 
nent performance. A third is the 
availability of new components designed 
to meet specific requirements. 
Basically, there are only two types of 
power supply: AC and DC operated, but 
these may be sub-classified into many 
different categories. For instance, 
classified by the kind of conversion, 
there are AC-to-DC, AC-to-AC, DC-to- 
AC, and DC-to-DC versions. Any of 
these versions may, in its turn, be of the 
step-down (US:buck) or © step-up 
(US:boost) kind. Added facilities give 
rise to names like uninterruptible power 
supplies (UPSs). DC-to-AC types are 
often called inverters, and AC-to-DC 
types, converters. 

AC-to-DC power supplies are the most 
common and usually work direct from 
the mains supply. They are used in 
countless domestic and industrial ap- 
paratuses. 

AC-to-AC types are often rotary devices, 
especially in the case of power step-up 
versions. Some AC-to-AC types merely 
provide isolation from the mains. 
DC-to-AC converters are used where an 
AC equipment (portable drill, TY) has 
to operate from a DC source. The DC- 
to-AC conversion is normally ac- 
complished by pulse-width modulation 
(PWM) or resonant oscillation. There 
are four common configurations PWM 
inverter: fly-back, push-pull, — half- 
bridge, and full-bridge. 

DC-to-DC power supplies normally con- 
sist of an inverter followed by a rectifier. 
Since the inverter is operated at a very 
high frequency, the ripple on the output 
voltage is removed easily by means of 
small filters. 

Bi-directional power supplies are used in 
applications such as battery charging 
and discharging. 


Emerson Electric’s AP70X Series of 3- 
phase uninterruptible power supplies is 
said to have fewer active components 
than most comparable equipment. The 
power systems in this series have a bat- 
tery supply that can be made to suit in- 
dividual customers’ requirements. 

Designed for use within the computer 
room or office suite, the series comprises 
six models in either single-module or 
multi-module systems. Output ratings 
range from 30 kVA to 700 kVA and out- 
put voltages are 220/380 V or 240/415 V 


50 Hz. Frequency tolerance is nominally 
+0.1% in free-running mode, Power 
switch on is from 20% to 100% in 15 
seconds. 

Special features include a pulse static 
switch that facilitates branch fuse 
clearance while output power is main- 
tained, and a low-energy thyristor turn- 
on method of static isolation that en- 
sures that any faulty UPS module in a 
multi-module redundant system can be 
isolated from the load while power to the 
load is maintained. 


Emerson Electric Ltd @ Elgin Drive « SWIN- 
DON SN2 6DX. 


Model 


Bowmar/ White 
BWT-130 is a very compact 75-watt 
switch-mode DC-to-DC converter de- 
signed to convert an unregulated 48 V 
DC input into a well-regulated 5 V DC 
output for loads up to 15 A, 

The key parameters are a guaranteed 


Technology's 


minimum efficiency of 80%, a 
5.7 W/in? power density, the ability to 
provide automatic current sharing be- 
tween parallel-connected supplies, and a 
capability to detect reduced output 
voltage or a complete failure of the 
primary power switching. 

The BWT-130 will handle loads over the 
full range of zero to full power and, in 
the event of short circuits or overloads, 
there is a primary-current limiter to pre- 
vent supply damage. 

Load regulation is <0.2%. Line regu- 
lation is <0.1%. Other features include 
overvoltage protection, current limiting 
to 18.8 A (max), minimum input-to- 
output isolation of 2,000 V DC, and a 
typical no-load power consumption of 
just half a watt. Operating temperature 
with natural convection is —20 °C to 
+60 °C, 


Bowmar/White Technology ¢ 4246 E. Wood 
Street @e Phoenix @ Arizona 85040 ® USA, 
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STC Instrument Services has an agree- 
ment with Prism Electronics to supply 
that company’s wide range of pro- 
grammable power supplies. 


STC Instrument Services @ Dewar House @ Cen- 
tral Road e HARLOW CM20 2TA. 


vel-Lindberg are the first UK  trans- 


former manufacturer to have three 
ranges of toroidal transformers 
‘recognized’ by the Underwriters 


Laboratories—UL—as meeting the con- 
struction and performance of toroids to 
the Standard for Safety for Speciality 
Transformers UL506. This ‘first’ to be 
able to use the coveted UL recognition 
means that where a customer requires 
toroidal transformers for use in the 
power supply of a UL recognized elec- 
tronic equipment he will be able to refer 
to the Avel UL ‘recognition’ as a matter 
of course and know that these toroids 
are, and will continue to be, manufac- 
tured to the high standards demanded by 


the specification. 

The company also supplies a range of 
DC Switching Regulators and a range of 
‘float-mode’ uninterruptible power 
systems. 

Furthermore, it markets a range of fer- 
roresonant power conditioners that will 
accept badly malformed AC waveforms 
(including triangular and square wave) 
and provide a clean noise-free sine-wave 
output. This range is designed to ensure 
clean and stable electrical power (despite 
mains abnormalities) for computers and 
other microprocessor-controlled equip- 
ment. 

Avel-Lindberg Lid e SOUTH OCKENDON 
RMIS5 51D. 


A low cost, easy-to-use, personal power- 
supply test workstation is available from 
Interpro Systems. The ‘Micro Series’ of- 
fers a choice of racking systems that 
make it applicable for testing supplies 
with powers of virtually any size. The 
‘Micro Series’ can be configured for 
testing characteristics of circuits during 
the design stages, go/no-go and func- 
tional testing in the production cycle, to 
repair, maintenance and quality 
monitoring of power supplies from low- 
power DC-to-DC converters to 1000 W 
DC-to-DC mainframe computer sup- 
plies. 

Three software packages, for any stan- 
dard AT or XT personal computer, pro- 
vide the system with great versatility. 


Interpro Systems Ltd e Crescent House @ 77-79 
Christchurch Road e RINGWOOD BH24 IDH. 


Thandar’s TSI541S is a_ laboratory- 
quality linear power supply with remote 
sensing and able to provide 0-4 A at 
0-15 V. Dual 0.5 inch, 3.5 digit LCDs 
simultaneously display output voltage 
and output current. It operates in 
constant-current or constant-voltage 
modes with automatic cross-over. 

Line and load regulation are better than 
0,01%, while noise and ripple are 
typically <1 mV. 


Thandar Electronics Lid @e 2 Glebe Road ¢@ 
HUNTINGDON PE18 7DX. 


Intelligence Power Technology, who ex- 
port their power supplies worldwide, 
have entered new European markets and 
beaten Far Eastern competition in the 
process by designing and building high 
performance PSUs to individual specifi- 
cation for French distributor Accord 
Electronique. 


Furthermore, the company have recently 
announced a new range of 250 W sup- 
plies. The FET250 Series of multiple 
output units is aimed at large systems, 
particularly VME bus and those involv- 
ing large modems, such as multiplexers 
and message switches. 


Based on the company’s established 
FET200 Series of power supplies, the 
new range provides fully regulated selec- 
ted outputs. The new series comprises 
units that provide 2, 3, 4, or 5 outputs 
with a wide choice of output currents 
and output voltages. Supply regulation 
is better than +0.5% with input voltages 
between 96 V and 132 V or between 


192 V and 264 V 47—440 Hz. Load 
regulation is generally better than +1% 
on all outputs. 


Intelligence Technology Holdings « Foredown 
Drive e PORTSLADE BN4 2BB. 


A range of toroidal power transformers 
from Cotswold Electronics, rated from 
30 VA to 530 VA, has been awarded UL 
‘recognition’, The company were already 
able to manufacture toroids to the rel- 
evant BS, CEE, CSA, DEF, IEC, SEV, 
VDE, SEMCO, and DEMCO specifi- 


cations. 


The toroids combine modern winding 
techniques with high-grade insulation in 
accordance with BSS14 Class 2, TEC65 
Class 2, and ULS06. The construction 
includes a grain-oriented silicon steel 
strip tightly wound core, polypropylene 
core insulation, polyurethane insulated 
copper wire, double insulation of 
polypropylene plus polyester tape be- 
tween the windings, the final winding, 
and an outer covering of Melinex tape. 
Specification detail include 105 °C max. 
operating temperature, 3% secondary 
voltage tolerance at normal input and 
full load, a 4.5 kV peak flash test, and 
150 mm leads. 


Cotswold Electronics Ltd @ Unit 1 © Kingsville 
Road e¢  Kingsditch Trading Estate e 
CHELTENHAM GLS51 9NX, 


With introduction of universal 


the 
voltage (100-120-220-240 V) Low Profile 
Transformers, Clairtronics now claim to 
offer the widest stock range of encap- 


sulated transformers available in the 
UK, 

The new range permits worldwide oper- 
ation from two primary windings and 
these transformers may, therefore, be 
used anywhere without the need to 
specify the domestic supply voltage. 
Encapsulated transformers are increas- 
ingly used in new power supply designs 
because they are protected against hand- 
ling damage and provide a significant in- 
crease in long-term reliability. Standard 
versions include PCB and _ chassis 
mounting types and toroidal units for 
higher power applications. Special 


designs are supplied to customer re- 
quirements. The power range is from 
1.2 VA to 130 VA. 


Clairtronic Lid © 93 Whitby Road Industrial 
Estate e SLOUGH SL1 3DR. 


A new series of power supplies from 
Coutant Electronics for laboratory and 
test purposes may be controlled remotely 
via an integral IEEE488 interface. The 
units are available with a wide choice of 
active loads to form a complete auto- 
matic testing system or to create an ac- 
curate system for research purposes. 
They have floating outputs (maxiam of 
600 W and 750 W), versatile program- 
ming potential and precision regulation. 


Coutant Electronics Ltd e@ Kingsley Avenue @ 
ILFRACOMBE EX34 8ES, 


Weir Electronics has introduced a single- 
output OEM _ = switched-mode power 
supply capable of delivering a stable 5- 
volt output at load currents up to 300 A. 
The SMS 1500 00 00 ist the first of the 
company’s range of 1500-watt sources 
based on an advanced switched-mode 
regulator. All models include Weir’s 
unique electronic power-factor correc- 
tion system, which virtually eliminates 
high-level quadrature current compo- 
nents from the AC input loading; this 
allows full-power operation from normal 
13-A mains sockets, even at the lowest 
permissible input supply voltage. 

The DC output is fully floating with 
respect to chassis and its voltage is ad- 
justable by an internal preset control be- 
tween 4.5 V and 5.5 V. Load regulation 
is <0.4% voltage variation for a change 
in load from 300 W to 1500 W. Line 
regulation ensures <0.2% output vari- 
ation for a change in input level from 
265 V to 195 V. 

The SMS 15000000 power supply 
meets the safety requirements of IEC, 
VDE, CAS, UL, and BS. It also meets 
international EMC requirements, in- 
cluding those of VDE 0871, Curve B. 


Weir Electronics Ltd ¢ Durban Road e 
BOGNOR REGIS PO22 9RW. 
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Power to run office type facsimile 
machines from 12 V or 24 V batteries is 
derived from a special Faxpower Model 
FP12/FP24 power unit from Avel- 
Lindberg. 

These power units are designed for maxi- 
mum reliability and sealed against spray 
and dirt. Moreover, they are fully im- 
pregnated to protect them from vi- 
bration and shock normally associated 
with road vehicles. 

Direct written and diagrammatic presen- 
tation of information to and from a ve- 
hicle by an existing mobile phone is a 
further step towards the complete mobile 
office. Avel-Lindberg can supply power 
units suitable for mobile computers, 


electronic typewriters, mobile _ tele- 
phones, and Band III communication 
equipment. 


Avel-Lindberg Ltd e SOUTH OCKENDON 
RM15 S5TD. 


Some other useful addresses: 

ASTEC Europe e 8b Portman Road e 
READING RG3 IEA (Switch-mode power sup- 
plies and DC-to-DC converters) 


Fuselodge Ltd © 267 Acton Lane @ Chiswick ¢ 
LONDON W4 5DD (linear and switch-mode 
power supplies). 


Jaytee Electronic Service Ltd e 143 Reculver Road 
e Beltinge e HERNE BAY CT6 6PL 
(Transformers). 


Jidenco Machines International Lid @ Jidenco 
House @ Vale Road e WINDSOR SL4 5JW 
(Uninterruptible power supplies). 


Powerail Electronics Ltd @ 6B Princes Street 
e DUNSTABLE LU6 3AX (Switch-mode power 
supplies). 


ROHM Corporation « 8 Whatney e IRVINE CA 
92718 e USA (DC-to-DC converters). 
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MIDI CONTROL UNIT Q4 


by H. van Bommel 


The MIDI control unit described here has been baptized ‘Q4’ 
because it can quadruple the possibilities of a MIDI keyboard 
connected to one or more MIDI-compatible synthesizers or 
expanders. In other words: it brings quafre-mains (four hands) 
playing in MIDI within reach, and in addition allows quick sound 
preselections to be made, be it in the course of the musical 
piece just before a solo, or in between two pieces. 


Digital expander, digital sound module, 
digital synthesizer, digital keyboard, 
digital effects unit, digital drums, ....it 
appears that the more equipment is in- 
troduced that operates with digital cir- 
cuits, the fewer keys are left for the 
player to press. Much new MIDI equip- 
ment operates the minute the power cord 
is connected. But it is wrong to assume 
that the absence of keys and controls 
means a reduction of the number of 
available functions; indeed, the contrary 
is often true. The unit described here is 
intended mainly for those who already 
have experience working with multi- 
instrument MIDI equipment configura- 
tions, or those who would like to learn 
how to use the MIDI standard when 
more than one instrument is to be con- 
trolled. Irrespective of its actual appear- 
ance (casing, keyboard, display), the way 
it is programmed, or, indeed, its design 
background, what counts in practice is 
that the Q4 is a remarkably simple-to- 
use addition to an available set of MIDI 
equipment. 


Making live playing simpler 

The MIDI Q4 unit offers 100 presets, 
whose function is essentially to actuate 
and control the bulk of the functions of- 
fered by polyphonic and multi-sound 
equipment, and in addition to facilitate 
real-time (‘live’) playing. These presets 


MIDI CONTROL UNIT Q4 
Technical features: 


@ 100 MIDI presets 

e@ Each preset has 21 parameters 
capable of performing 3 types of 
operation: 


a. 


permanent routeing of MIDI 
channel 1 to other channels 
with the aid of 4 rerouteing 
parameters 


, instantaneous programming 


c 


messages on 4 MIDI channels: 
4 parameters for MIDI channel 
definition 

4 parameters for bank 
selection 


4 parameters for voice select 
4 parameters for volume select 
optional linking of two or more 


presets 
@ 1 input for MIDI keyboard (master 
keyboard possible) 


ry Mad for MIDL units under con- 


e Twelve-key keyboard on front panel; 
1 LED and 2 7-segment LED dis- 
plays 

e Automatic data-retention after 
switching off 

e Fast and easy programming 

e All-equipment programming option 
by MIDI EXCLUSIVE message 

e Fits in extra-flat 19-inch rack 


can be designed and modified quietly at 
home. Once ready for use, they can be 
stored in the Q4’s memory where they 
will remain unchanged, if so desired, for 
up to five years. On the stage, or 
wherever the musical performance takes 
place, the programmed presets are im- 
mediately available, and can be called up 
either direct by the keys on the front 
panel of the Q4, or via the MIDI inter- 
face by predefined keys on the master 
keyboard (see Fig. 1). The preset identi- 
fication number is displayed on two 7- 
segment LED displays, and a command 
string is sent to all connected MIDI 
equipment. When another preset is 
needed later in the musical piece — 
after, say, 16 or 32 beats — the user need 
only call up the appropriate number. 


Enhanced programmable 
MIDI THRU function 


What is a preset? In the case of the Q4, 
a preset is composed of 21 parameters, 
as shown in Table 1. The parameters can 
be classified in 5 groups of 4, and 1 link- 
ing parameter. The parameters are used 
in 3 mutually independent types of op- 
eration, whose function is briefly gone 
into below. 

The first type of operation is the route- 
ing of MIDI data received on channel 1. 

The Q4 enables immediate rerouteing of 
these data to 1, 2, 3 or 4 other MIDI 


MIDI (master) keyboard 


channel 1 


CONTROL UNIT 
Q4 


ch.1 ch. 2+4 


ch. 1 ch. 3 


ROLAND piano BOHM expander ROLAND TRSOS 
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Fig. 1. MIDI configuration example set up around control unit Q4 and a keyboard sending 
on channel 1. The Q4 controls 4 other MIDI instruments. 


channels. This feature is of particular in- 
terest for users wishing to control] more 
than one MIDI instrument from a single 
keyboard, which sends data via chan- 
nel 1 to the Q4. This, in turn, arranges a 
distribution between, for example, chan- 
nels 3, 7, 8 and 12. A change of preset 
from the MIDI master keyboard is suf- 
ficient to enable the Q4 to reroute re- 
ceived data on channel 1 to, for instance, 
channels 4 and 13; yet another preset 
may be called up instantaneously to ef- 
fect rerouteing of channell to, for 
example, 3, 7, 13 and 15. As already 
noted, presets may be selected on the 
master MIDI keyboard, or direct on the 
Q4’s keyboard (note that a keyboard is 
of the MIDI master type when it has 
provisions for sending preset changing 
commands). 


Parameters 


The first four parameters, numbered Pl 
through P4, select the channels which 
are used for rerouteing of data received 
via channel 1. Data received on channels 
other than number | is normally pro- 
cessed within these channels, without 
modification. 

If, for example, Pl=12 and P2=15, all 
MIDI data received on channel | is sent 
to channels 12 and 15 also. 

The currently used standards for MIDI 
specify that the value of this parameter 
is between | and 16. Value 0 indicates 
that no data is rerouted from channel | 
to any other channel; if all 4 rerouteing 
parameters are 0, information received 
via channel | is not rerouted. It will be 
clear that the first type of operation is 
best qualified as a programmable MIDI 
THRU function. 


The second type of operation entails the 
programming of instruments that ‘listen 
on’ the various MIDI channels. Four 
strings of 4 parameters are available for 
assigning to 4 different MIDI channels. 


These strings are sent out once, follow- 
ing the calling up of the preset. 


Channel select 

The first parameter in each of the 4 
strings, i.e., P5, P9, P13 and P17, defines 
the number of the MIDI channel to 
which the subsequent parameters in the 
string are sent (BANK SELECT, VOICE 
SELECT and SET VOLUME). Permissi- 
ble values are | to 16. Value 0 is ignored. 
If, for instance, parameter P13 is assign- 
ed value 12, this should be taken to mean 
that the subsequent three parameters are 
intented for the instrument ‘listening on’ 
channel 12. 


MIDI channel routeing 
MIDI channel routeing 
MIDI channel routeing 
MIDI channel routeing 


MIDI channel 
bank 

voice 

volume 


MIDI-channel 


bank 
voice 
volume 


MIDI channet 
bank 

voice 

volume 

MIDI channel 
bank 

voice 

volume 
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Bank select 


In each of the 4 strings, the second 
parameters (P6, P10, P14 and P18) 
define the number of a sound selected 
on a synthesizer or expander on the 
MIDI channel indicated by the 
preceding parameter (P5, P9, P13 or 
P17). The bank select parameter is useful 
for instruments whose available sounds 
are stored in banks, either of the 
modifiable type (RAM), and of the non- 
modifiable type (ROM/EPROM),. 
Permissible values are 0 to 31. Value 99 
indicates the absence of a BANK SEL- 
ECT command, and is useful for equip- 
ment that does not have banks, such as 
the TX7 module from Yamaha, Value 11, 
for example, assigned to parameter P18, 
causes the instrument on the channel in- 
dicated by PI7 to activate bank 11, from 
which the actual sound is selected by the 
value of the next parameter, P19 (VOICE 
SELECT — see below). 


Voice select 

Parameters P7, Pll, PIS and P19 each 
define the number of the selected sound 
in the bank defined by the preceding 
parameter (P6, P10, P14 and P18) in the 
String sent to a synthesizer or expander. 
This procedure corresponds to a MIDI 
command known as PROGRAM 
CHANGE. 

Permissible values are | to 99, Value 0 in- 
dicates the absence of a VOICE SEL- 
ECT command. Value 98, for example, 
assigned to parameter P19, selects in- 
strument sound 98 from the bank 
pointed to by P18, on the MIDI channel 
pointed to by P17. 
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Volume select 

In the command string sent to the syn- 
thesizer or expander, parameters P8, 
P12, P16 and P20 each define the volume 
of the instrument sound selected with 
the aid of the previously discussed 
parameters, 

Permissible values are 0 to 64, corre- 
sponding to the desired MIDI volume 
value divided by two. Value 55, for 
example, corresponds to MIDI volume 
word 110. Value 00 indicates the absence 
of a VOLUME SELECT command. 


As an example how a command string is 
built from the above parameters, the in- 
strument on MIDI channel 3 is pro- 
grammed to select voice 23 in bank 6 at 
volume 120, with the aid of the follow- 
ing parameters: 


P17=3: channel select 
PI&8=6: bank select 
P19=23: sound select 
P20=60: volume select 


This concludes the discussion of the sec- 
ond type of operation supported by the 
Q4 control unit. At this point, it may be 
useful to briefly recapitulate what has 
been said above. There are 4 parameters 
that allow data received on channel | to 
be rerouted to 1, 2, 3 or 4 other channels. 
In addition, 4 strings of 4 parameters 
each enable selecting a sound register 
(BANK), sound (VOICE) and volume, 
on 4 different MIDI channels. 


The third type of operation controls 
linking (chaining) of presets: 


Links 

The third type of parameter in a preset 
string allows the linking (often called 
chaining in MIDI terminology) of two 
or more presets. If the complexity of the 
configuration to be programmed exceeds 
the possibilities offered by one preset, 
the user may link two or more presets by 
arranging parameter P21 to precede the 
number of the preset to be linked to the 
current preset. Permissible values are 1 
to 99, Value 0 indicates that linking is 
not used. 

If, for example, preset 4 is closed off 
with P21=73, preset 73 will be linked to 
preset 4. 


Presets and the Q4’s keyboard 


Preset selection from the MIDI keyboard 
on the Q4 can only be effected when the 
keyboard used is capable of providing 
command MIDI PROGRAM SELECT 
with a parameter range of 0 to 99. Most 
MIDI master keyboards satisfy this con- 
dition at least partially. In any case, 
presets can be called up direct with the 
aid of the front panel controls of the Q4. 
Functionally, the keyboard looks like 
this: 


o[2|3[4[s|6|7]/s]9 [Plz 


In standard mode, these 12 keys allow 
direct selection of the desired preset 
number; in programming mode, they 
allow programming the presets. 

Key P is used for entering and leaving 
the programming mode. An integral 
LED lights continuously when program- 
ming mode is selected, and briefly on 
reception of a MIDI string. In program- 
ming mode, key E steps to the next 
parameter (stepping back is not poss- 
ible). 


The Q4 displays ][ after power-up to 
show that it is ready after initializing. In- 
itialization as described below is re- 
quired once after building, and also if all 
parameters are to be cleared. Proceed as 
follows: 


1. interrupt the Q4’s power supply for at 
least 15 seconds; 

2. hold key 0 pressed while applying 
power; 

3. release key 0, and wait at least 15 
seconds. 


The display will show code t3 to indicate 
completion of the Q4’s initialization. 
All other display indications at this stage 
point to faulty operation. 

Avoid briefly interrupting the 
Q4’s power supply, and allow for the 
delay of 15 seconds minimum after each 
interruption of the power, or the re- 
application of it. This precaution 
guarantees correct storage of data in the 
buffer memory. 


Programming example 


The following example shows how preset 
36 is programmed such that data re- 
ceived on channel 1 is rerouted to chan- 
nels 8 and 10. Preset 36 is also used to 
effect a change of sound on channel 8, 
and a another on channel 11. The instru- 
ment ‘listening on’ channel 8 is to actu- 
ate sound 88 from bank 3, at volume set- 
ting 102, while the instrument on chan- 
nel 11 is to actuate sound 27 (no bank 
specified), at volume setting 68. 

The first thing to do is complete a pro- 
gramming sheet as shown overleaf. 


Explanation 


Key Display 

P 0 LED lights and programming 
may commence 

36 36-01—~xx Number of preset is automati- 
cally followed by PI and its 
value 

08 E 08-02-—xx New value of PI is 08 (reroute 
Ch. 1 to Ch. 8); next parameter 
(P2) appears automatically, fol- 
lowed by its current value 
(xx=00 after a reset) 


10 E 10+03~xx New value of P2 is 10 (reroute 
Ch. 1 to Ch. 10); next 
parameter (P3) appears auto- 
matically, followed by its cur- 
rent value (xx=00 after a reset) 

00 E 00~04-~xx New value of P3 is 00 (not 
used); next parameter (P4) ap- 
pears automatically, followed 
by its current value (xx =00 
after a reset) 

00 E 00--05—+xx New value of P4 is 00; next 
parameter (P5) appears auto- 
matically, followed by its cur- 
rent value (xx=00 after a reset) 

08 E 0806-xx New value of PS is 08 (pro- 
gramming string for Ch. 8); 
next parameter (P6) appears 
automatically, followed by its 
current value (xx=99 after a 
reset) 

03 E 03+07—>xx New value of P6 is 03 (bank 
select 3 on Ch. 8); next 
parameter (P7) appears auto- 
matically, followed by its cur- 
rent value (xx=00 after a reset) 

88 E 88>08—xx New value of P7 is 88 (voice 
select 88 in bank 3 on Ch. 8); 
next parameter (P8) appears 
automatically, followed by its 
current value (xx=00 after a 
reset) 

51 E 51-09-xx New value of P8 is 51 (volume 

select 102 for sound 88 in bank 

3 on Ch, 8); next parameter 

(P9) appears automatically, fol- 

lowed by its current value 

{xx =00 after a reset) 

New value of P9 is 11 (pro- 

gramming string for Ch. 11); 

current value of PIO is 

displayed 

99 E 99>11>xx New value of PIO is 99 (no 
bank select); current value of 
Pll is displayed 

27 E 27-12-xx New value of PII is 27 (voice 
select 27); current value of P12 
is displayed 

34 E 34-13-xx New value of P12 is 34 (volume 

select 68); current value of P13 

is displayed 

LED in key P remains on; to 

leave programming mode, press 

0 to cancel modifications, or 

press 1 to save modifications 

LED in key P goes out; preset 

permanently modified, but not 

sent via MIDI interface; xx is 
number of preset selected 
before programming mode was 
entered 


11 E 11+10—xx 


mE ot 


The memory contents can now be exam- 
ined: 


Key Display 


P [] Red LED lights 

36 =3601-—xx Read value of Pl in preset 36 
(xx=08 after above program- 
ming sequence) 


Explanation 


02>xx Read value of P2 (xx=10 after 
above programming sequence) 
E  03-~xx Read value of P3 


etc. 


To end the memory read procedure, 
simply press key P, then 0. The LED in 
key P goes out. 


Note: the software does not check 
whether the values assigned to the 
various parameters are in the permissible 
range. 


Thanks to MIDI function EXCLUSIVE 
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Programming sheet Programming sheet 


PRESET No. 7 | PROGRAMMING SHEET MIDI 04 


Pi P5 PQ P13 P17 ] 
route 1 | channel | channel | channel | channel 


rar, 


[route 2 bank 
2/99 


P3 P7 
route 3 | voice 


[27 


PRESET no 36 | PROGRAMMING SHEET MIDI 04 


P5 P9 P13 P17 
channel | channel | channel | channel 


ZBiniolo. 


route 2 


| route 3 


P4 P42 
route 4 | volume | volume 


$1 (34 oo 


P4 P8 
route 4 | volume volume 


a $o 


Programming sheet Programming sheet 


| ———— 


PRESET No. PROGRAMMING SHEET MIDI Q4 


PRESET No. 63) PROGRAMMING SHEET MIDI Q4 


P1 P5 Pg P13 P17 
route 1 | channel |channel | channel | channel 


13 | 130 ° 


PI 
route 1 


P5 Pg P13 P17 
channel | channel | channel | channel 


P2 P6 P10 P14 P18 P2 P18 
route 2 | bank bank bank bank route 2 bank 

| | ai 99 
P3 P? P11 P15 P19 
route 3 | voice voice voice voice 


E 
L 
E 
K 
i 
O 
R 


P4 P8 Pig P16 P20 P21 
route 4 volume |volume |volume | volume _ links 


—7— 
P8 P12 P16 P20 P21 
volume |volume |volume | volume links 


§$0,/,0'0\|09 oO 


—| 


Make copies of this programming sheet and use it as shown in the examples. 
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MESSAGE, the Q4 can also be pro- 
grammed from a computer. Experienced 
programmers may note the following 
structure of the exclusive message — 
from which can be deduced that the 
designer’s name is Henri — for the Q4: 


FO 48 45 4E 52 49 49 O1 pp dd ... dd F7 


Value pp is the preset to be read, dd a 32- 
byte string in which bytes | to 21 corre- 
spond to parameters of the wanted 
preset, and bytes 22 to 32 are zeroes. 


Circuit description 


The circuit description is kept short 
because most users of the Q4 will prefer 
practical guidance in using the unit over 


display 


P66 


Pea 2 P50 
PES Y P5t 
Y 


PET ee 


a detailed discussion of the operation of, 
say, the internal microcontroller. After 
all, the microcontroller is basically but a 
means to an end. None the less, some 
elementary information on it is pro- 
vided. : 

The internal structure of the Type 
HD63B03XP microcontroller is given in 
Fig. 3. The chip is an 8-bit processor 
with a 192-byte on-board RAM, 24 I/O 
lines, a serial communication port, and 
two timers. The control program for the 
Q4 is not internal to the HD63B03XP, 
but is loaded in an external EPROM. 


The practical circuit of the Q4 is given in 
Fig. 2. The address and data buses are 
not multiplexed, and peripheral hard- 
ware is controlled via 24 lines. 


The 


microcontroller is housed in a 64-pin 
DIL enclosure. External RAM IC: is 
powered by a 3-cell NiCd battery, and so 
ensures the data back-up function. 
Watchdog ICs prevents power interrup- 
tions causing garbled data in ICs, and 
also arranges the correct power-on 
timing of the microcontroller. 


Resistor Ris may be redimensioned to 
ensure optimum loading of the NiCd 
battery used — the indicated value 
results in a charge current between 300 
and 400 pA (the current drawn by the 
RAM is about 10 times smaller). If the 
Q4 is not used frequently, it is rec- 
ommended to lower the value of Ris to 
100 2. The maximum charge is about 
11 mA during 14 hours. 


—— ih 


i 


6.000MHz 


keyboard 


Fig. 2. Circuit diagram of the main controller circuit in the Q4. 


SA 
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N1..N6=IC7 = 74L514 
N7...N12=1IC8=74LS14 


80178 - 12 


The keyboard and the displays are 
mounted on a separate board (Fig. 4). 
The microcontroller drives the LED in- 
side key P via buffer Ti. Inverting buf- 
fers are provided between the MIDI in- 
put/outputs and the associated 
peripheral control lines of the microcon- 
troller. Note that the MIDI standard is 
based on serial communcation with the 
aid of a current-loop that guarantees 
electrical insulation between connected 
devices, whence the optocoupler at the 
MIDI input of the Q4. Only pins 2 of 
the DIN-type output connectors are con- 
nected to the circuit ground. The four 
MIDI outputs provided are identical and 
fully interchangeable (remember that in- 
strument selection is a matter of soft- 
ware, not of connectors and/or cables). 
More MIDI outputs can be provided on 
the Q4 by using additional DIN sockets 
and spare TTL buffers/inverters Ni, N2, 
Na, Ne and Ni. A MIDI THRU output 
can be created by tapping the signal be- 
tween Ns and Na, and feeding it to a 
spare TTL buffer/inverter. 

The 500 kHz MIDI clock signal in the 
Q4 is provided by oscillator/divider ICé, 
a Type 4060. 


The display/ keyboard circuit is shown in 
Fig. 4. The two common-anode 7- 
segment LED displays are driven by 
BCD-to-7-segment decoders Type 
74LS247, The 12 keys used for program- 
ming the Q4 are scanned by the 
microcontroller, and their state is pro- 
cessed in software. 


Construction 


Although the construction of the MIDI 
control unit Q4 is greatly simplified by 
the availablity of a ready-made, single- 
sided printed circuit board (Fig. 5), inex- 
perienced constructors are well advised 
to read the following carefully. Mu- 
sicians interested in building the Q4, but 
unsure of their soldering skills, may have 
to rely on a friend with experience in 
practical electronics. 


There are no through tracks in between 
pins of the microprocessor socket 
because this has a lead spacing smaller 
than the standard 2.54 mm (0.1 in). This 
fact has given rise to a relatively high 
number of wire links on the main board: 
there are 24 wires in all. 

Note the orientation of voltage regulator 
ICio, whose metal tab is turned towards 
the other components. 

All integrated circuits on the main board 
must be fitted in good-quality sockets 
(note the orientation!). Some ICs these 
days do not have a notch to aid in orien- 
tation, but a lenghtwise asymetrically 
located groove. If the IC is viewed from 
the top side, pin 1 is located at the ex- 
treme left in the lower row of pins when 
the groove is horizontal and nearest to 
you. 
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Address Bus 


4 
! 
| 


Data Bus 


« 


Address Bus Bufter Address Bus Buffer Data Bus Buffer 


680178 -13 


Fig. 3. HD63B03X architecture. Note that lines P23 and P24 are used here to send and re- 
ceive serial MIDI data. 


see text 
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LD1;LD2 = HD1105 
D3...D14 = 1N4148 
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880178 - 14 


Fig. 4. Circuit diagram of the keyboard/display unit, which is built on a separate board, 
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Fig. 5. Component mounting plan of the main controller board in the Q4. 


To facilitate mounting the completed 
display/keyboard unit on to the front 
panel of the enclosure, it is rec- 
ommended not to use sockets for the ICs 
or the displays. The keys, Si to Siz, are 
Digitast (ITT/Schadow) push-to-make 
types. Si has a red keytop and a hole 
for mounting LED D2, 

The main board is connected to the dis- 
play board via 2 short lengths of flat- 
ribbon cable terminated in male 10-way 
IDC headers that mate with Ki and K2 
(main board) and Ks and Ko (fitted at 
the track side of the display board). 
There are 10 wire links on the display 
board. Four are located at the track side: 
one below Ss, one between Ss and Se, 
and one below Sv. 

Pay attention to the orientation of the 
diodes on penalty of getting stuck with 
a difficult-to-find hardware bug. 


Table 5. 


Q4 status codes 


Parts list 
MAIN BOARD 


Resistors {+ 5%): 

R1;Rs to R12 ine, 220R 
R2;Ria=3k3 

R3=1M0 

Ra=2K2 


Capacitors: 

C1=33p 

C2=100p 

C3;C4=22p 

Cs= 10004; 25 V 

C6;C7;Ce to C12 incl. = 100n 
Ca=47"; 6V3 


Semiconductors: 

IC1 =HD63BO3XP (Hitachi) 

\C2= 2764 (Efektor Electronics order number 
ESS570; see Readers Services page). 

IC3=6264 or MB8264-15L 

iC4= 7419138 

ICs = MAX690 (Maxim Integrated Products inc.) 

IC6 = 74HOT4080 

IC7;1Ce= 74L$14 

ICa=6N135 or 6N136 

IC10= 7805 


Miscellaneous: 

X1= quartz crystal 6 MHz. 

X2= quartz crystal 8 MHz. 

Batt.1 = NiCd 3V6 battery (e.g. Maplin order 
no. RK46A)} 

Kt;K2= 10 way PCB pin header. 

K3;Ka:K5;K6;K7= 5-way DIN socket. 

Tri= 9 V; 500 mA mains transformer; 
preferably toroidal. 

11 off solder terminals. 

PCB Type 880178-1 {see Readers Services 
page), 


Parts not on PCB; 

Fi= 100 mA delayed action fuse with panel- 
mount holder. 

$13= double-pole mains switch. 

Euro-style mains entrance socket with integral 
filter. 

2 off 10-way flat ribbon cables (approx. length: 
30 cm) 

4 off female 10-way IDC connectors. 


Problem 


Remedy 


cannot handle amount of MIDI 
data received 


one or more errors in back- 
up memory 


initialization completed 
after required reset 


will not handle command 
PROGRAM CHANGE with value 
over 99; replaced with 
unchanged PROGRAM CHANGE 
command 


turn power off and on again 


initialize or 

a. go into programming mode 
b. quit (O} 

c. verify all presets 
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On the MIDI input socket, be sure that 
solder terminal J is wired to pin 4 of the 
Parts list DIN socket, and terminal K to pin 5. 
The same goes for output terminals E, 
F, G and H (pins 4) and A, B, C and D 
(pins 5). Light-duty, unshielded wire 
may be used between the DIN sockets 
Resistors (+ 5%: and the board, provided the distance 
R14:Ris:R16;R17 = 10K does not exceed 15 cm or so. 

R1i8=220R 

R19 to Raz incl. =270R Do not fit the integrated circuits into 
their respective sockets before the 
presence of the supply voltage has been 
ascertained on all relevant pins. Great 
care and precision should be excercised 
in the fitting of the 64-pin microcon- 
Redicmhictens: troller into its socket (QNCE AGAIN 
D1;D3 to D14 incl. = 1N4148 verify the orientation!). 

D2= red LED Finally, it is recommended to use a 
B1 =B80C1500 rectangular bridge rectifier mains filter ahead of the power trans- 
LD1;LD2=HD1106 (Siemens; commen anode; former in the Q4. 

listed by ElectroValue Ltd.) 

T1=BC547B i 
1€11;1C12= 74LS247 


DISPLAY /KEYBOARD 


Capacitors; 
C13;C14 = 100n 


Fig. 6. Printed circuit board for the front- Miscellaneous: a 

panel mounted display/keyboard unit. To | 5! to $12 incl. = Digitast key. 
prevent damage when the keys are being 
pressed, it is recommended to provide some 


Ks;K9= 10 way PCB pin header. 
PCB type 880178-2 (see Readers Services 
form of support between the centre of the page). 


completed board and the inside of the front 
panel. 
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OVER-VOLTAGE PROTECTION 
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The use of some form of over-volfage protection in electronic 
equipment is often not contemplated until a huge voltage surge 
has caused considerable damage. Since it is invariably better to 
be safe than sorry, this article looks at two over-voltage protection 

devices (surge arresters), the varistor and the gas-filled conductor, 
and discusses their operation and application. 


Over-voltage is basically any voltage that 
exceeds the nominal value plus the stated 
tolerance. Over-voltage can be generated 
by various sources, of which lightning is 
probably the _ best known. A 
thunderstorm, even while it is several 
miles away, can give rise to voltage peaks 
of considerable amplitude on the mains 
network. The switching on and off of 
relatively heavy loads connected to long 
wires or conductors, which form a con- 


20ps) 


peak current (t,,, 


siderable self-inductance, also causes . varistors 

such peaks. The mains network is, how- 

ever, not the only large sclf-inductance noble gas 
» . filled 

where over-voltage protection is re- mandi 

quired: model railway systems, telephone conductors 


and computer networks are also prone to 
picking up interference and surges with a 
disastrous effect. 

A number of components are available 
for over-voltage protection. In electronic 
circuits, much use is made of conven- 
tional diodes, suppressor diodes and 
zener diodes. The varistor is an in- 
teresting component that has already 
been used in a number of projects re- 
cently featured in E/ektor Electronics. 
Figure | shows a comparison between Sondletion ‘voltage 
the 4 most commonly used types of over- Fig. 1. This chart shows maximum peak current (t=20 ys) as a function of conduction 
voltage protection device, in respect of voltage for four types of over-voltage protection device. 


0.1 mA when the varistor does not con- 
duct. In the rounded part at the low side 
of the curve, the internal resistance is 
mainly determined by Rv, which is 
much smaller than Rz, but still larger 
than Rs. At large currents, the resist- 
ance of the ideal varistor is practically 
nought. The ohmic resistance of the 
metal-oxide parts (Re) then determines 
the internal resistance. Capacitor C is 
relatively large (100 to 4000 pF). With- 
out additional components, such as 
series-connected variable capacitance 
diodes, varistors are, therefore, un- 
suitable for high-frequency applications. 
Related to over-voltage protection, how- 
ever, the internal capacitance is useful 
because it provides some smoothing of 
voltage surges. Inductor L represents 
mainly the self-inductance of the 
varistor’s wires. For optimum speed of 
the varistor, these wires should be kept 
as short as possible. 

At less common nominal voltages, a 
suitable varistor may be made from 
series-connected varistors individiually 
specified for a lower nominal voltage. 
When this is done, care should be taken 
to use varistors from the same series. 
Parallel connection of varistors is not 
possible owing to tolerance on the effec- 
tive surface area. In the worst case, this 
tolerance may cause currents in parallel- 
conected varistors to differ by as much 
as a factor 1,000. Selecting matched 
types is particularly difficult for high 
peak currents, since measuring and 
generating these require specialized 
equipment. 


The electrical behaviour of a varistor in 
overload conditions depends on the type 
of overload. A too high peak current 
causes the varistor to explode, so that the 
connection is broken. A long-term, 
light, overload gives rise to mixing of the 
metal-oxide granules, so that the varistor 
changes gradually into a low-value re- 
sistor. 

Evidently, there exist no maximum 
values for voltage and current surges, so 
that a correctly selected varistor may still 
be overloaded. With this in mind, it is 
clear why varistors are typically 
mounted at some distance from other 
components, especially when used for 
suppression of interference on low- 
impedance networks, such as the mains. 


Which varistor? 


In general, the choice of varistor for a 
particular application is made on the 
basis of the datasheets supplied by the 
manufacturer. First, the operating 
voltage is determined, taking care not to 
confuse the DC and AC specifications. 
Next, the tolerance is added to the 
nominal voltage, and the result is 
rounded off to the next higher value in 
the series. For most applications with 
240 V and 220 VY mains networks, a 


EE 
January 1989 


Uo = discharge voltage 
Ugl = glow voltage 

Uar = arc voltage 

Uq = quench voltage 
G = glow discharge 
A=are discharge 


Fig. 6. Current/voltage response of a noble-gas filled surge arrester to a sinusoidal voltage. 


250 V varistor is adequate. Maximum 
peak current and energy absorbtion are 
then determined, and a suitable type is 
selected. The U-I characteristic of the 
varistor shows the maximum voltage 
across the varistor when this conducts. If 
this voltage is higher than the maximum 
permissible voltage for the protected cir- 
cuit, a different varistor with a more ap- 
propriate U-I charcteristic will have to be 
found, 


Fig. 7. Internal structure of a noble-gas 
filled surge arrester. 


Noble-gas filled surge arresters 


This type of over-voltage protection 
device is based on the gas discharge prin- 
ciple, as illustrated in Fig. 6. Once the 
sinusoidal voltage has reached the dis- 
charge level, Uu, a glow discharge takes 
place that brings the voltage down to 70 
to 150 V. Current is then 0.1 Ato 1.5 A. 
If the current rises, an are discharge 
takes place that brings the voliage down 


Uds = Static discharge voltage 
Uda = dynamic discharge voltage 


10% 104 vps 


oe 
du/dt 


870348 


Fig. 8. Conduction voltage, V, of a noble- 
gas filled surge arrester as a function of the 
rate of rise, du /df, of the over-voltage pulse. 
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Fig. 2. Symmetrical U-[ characteristic of a varistor. 


conduction voltage and maximum peak 
current during conduction, This article 
mainly focuses on varistors and gas- 
filled surge arresters. 


Conducting ceramics 


The varistor, also called VDR (voltage- 
dependent resistor), is comparable, to 
some extent, to the zener diode. The dif- 
ference is mainly that the U-I character- 
istic of the varistor is symmetrical, i.¢ 
the zener effect occurs with positive as 
well as negative current. The curve in 
Fig. 2 is obtained from 


I=KU" 
or 


U=CIP 


where 

I = current through varistor 

U = voltage across varistor 

K; C = a constant dependent on size of 
varistor element; K=1/C? 

a; & = material constants; a=1/fh. 


Both constants, a and K (or f and ©), 
are taken from the manufacturer’s data 
sheets. Depending on the application 
range, additional data is provided. 
Among these is the maximum peak cur- 
rent, Imax. The graph in Fig. 3 shows a 
so-called 8/20 ys current surge, which is 
used by a number of manufacturers for 
specifying the electrical characteristics 
of their varistors. Even for small 
varistors, the value of Imax is expressed 
in kilo-amperes (KA). 


The disc-shaped ceramic element in a 
varistor is typically made from a metal- 


Fig. 3. Shape definition of the so-called 
8/20 surge used for measuring the maximum 
peak current capability of over-voltage pro- 
tection devices. The repeat rate of this pulse 
is 30 seconds or 3 minutes, depending on the 
test method adopted. 


microvaristor 
metal oxide 
separation 


Fig. 4. Basic structure of the ceramic material used in a varistor. 


oxide powder — usually zinc-oxide 
(ZnO), titanium-oxide (TiO) or silicon- 
carbide (SiC). The simplified internal 
structure of the ceramic element is 
shown in Fig. 4. A micro-varistor is 
created where granules touch. The 
separation layer forms a high resistance, 
causing current to flow through the ox- 
ide granules and the micro-varistors. 
This fact makes it possible to set up a 
few rules of thumb for the design and 
use of varistors. Doubling the thickness 
of the ceramic plate will result in a 
doubled breakdown voltage, since the 
number of micro-varistors in series is 
then doubled. Similary, doubling of the 
surface area results in a higher maximum 
peak current since the number of current 
paths arranged in parallel is doubled. 
Lastly, doubling the volume results in 
double the amount of energy that can be 
absorbed. 


The equivalent circuit of a varistor is 
drawn in Fig. 5. Rv is an ideal varistor. 
Rz causes a leakage current of less than 


Fig. 5. Equivalent circuit of a varistor. 


to 10 to 20 V. As the current becomes 
smaller, the are will extinguish at 10 to 
100 mA. After a short glow phase, the 
surge arrester reverts to its normal state. 
Combination of the voltage and current 
curves yields the U-I characteristic 
shown in Fig. 6c. It is seen that the 
voltage across the conductor decreases 
rapidly when ignition occurs. This is in 
contrast to the varistor, which maintains 
a largely constant voltage. 

The internal structure of the noble-gas 
filled surge arrester is illustrated in 
Fig. 7. The device is hermetically sealed 
to prevent ambient parameters, such as 
gas type, gas pressure, relative humidity 
and pollution, from changing its care- 
fully defined electrical characteristics. 
The electrodes are covered in a material 
that facilitates electron emission. A fir- 
ing aid may be mounted at the inside of 
the insulator to speed up reaction time. 
The electrical characteristics of the 
noble-gas filled surge arrester are deter- 
mined mainly by the type of gas, gas 


pressure, and electrode activation 
material. 
Figure 8 shows that the discharge 


voltage rises if the rate of rise of the in- 
terferering voltage exceeds a certain 
value. As already seen in Fig. 6, the 
noble-gas filled surge arrester is not ex- 
tinguished until the instantaneous 
voltage falls below the quench voltage, 
U,. This is not a problem with alter- 
nating voltages, but direct voltages 
higher than the quench voltage may give 
rise to difficulties. Everything is fine as 
long as the the internal resistance of the 
voltage source is so high as to cause the 
voltage at the relevant current to drop 
below the quench voltage. A problem 
arises, however, if the internal resistance 
of the voltage source is so low that the 
surge arrester is not quenched. For- 
tunately, quenching can still be ensured 
by connecting a varistor in series with 
the gas-filled surge arrester as shown in 
Fig. 9. Since, after the interfering pulse 


Fig. 9. Series connection of a noble-gas 
filled surge arrester and a_ metal-oxide 
varistor. The graph shows the voltage across 
the combination. 


has disappeared, the voltage across the 
varistor remains fairly constant, the 
voltage across the conductor is sure to 
fall below the quench level. Further ap- 
plications of this series circuit arise 
where low capacitance (1 to 10 pF) as 
well as high resistance (10! ©) are re- 
quired, but where voltage dips down to 
the arc level are just as harmful as over- 
voltage surges. Following the discharging 
of the gas-filled surge arrester, the 
varistor ensures that the voltage remains 
within safe limits (see Fig. 9b). 


Over-voltage protection in 
practice 


As an example of a practical application, 
Fig. 10 shows how a varistor can prevent 
over-voltage damaging, say, a computer. 
In practice, it will be found that fitting 
small varistors in all available equipment 
gives better results than a single, high- 
energy, varistor fitted at a central lo- 
cation across the mains lines. The 
varistor type given in Fig. 10 is conser- 
vatively rated because the degree and 
nature of the interference are hard to 
predict. In general, the choice of a 
suitable varistor is not critical in protec- 
tion circuits for low-power equipment 
— in this case, the nominal voltage is 
the main criterium, 

Provided there is room to fit them, 
varistors may also be used to prevent arc- 
ing on the collector of small DC motors 
— see Fig. 11. For AC as well as DC 
model railway systems, it is rec- 
ommended to use varistors on motors 
and track sections. 


Source: 
Gas-filled —over-voltage — conductors, 


metal-oxide varistors (SIOV). Siemens 
Publication. 
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VDR = SIOV - B60 K 250 (Siemens) 


87034-10 


Fig. 10. Typical varistor application. 


87034-11 


Fig. 11. Arcing at the collector of a DC 
motor can be prevented by fitting three 
varistors on the rotor. 


Component availability note: 


A range of Siemens SIOV varistors, including 
the Type SIOK250 used in recent Elektor 
Electronics projects, is available from Elec- 
troValue Limited @ 28 St Judes Road 
Englefield Green @ Egham @ Surrey TW20 
OHB. Telephone: (0784) 33603, Telex: 264475, 
Fax: (0784) 35216. Northern branch: 680 
Burnage Lane e Manchester M19 INA. Tele- 
phone: (06] 432) 4945, 


On Siemens’s range of varistors, S stands for disc-type (B=block type); the following two- 
digit number indicates the diameter of the varistor element; K indicates a tolerance of 10% 
(J=5%; S=special); the last number indicates Urmstmay. SIOV (Slemens metalOxide Varistor) 
is a registered trademark. 
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THYRISTOR SPEED CONTROL 


This low-cost circuit gives excellent speed and torque control of 
series motors rated up to 3500 W as used in electric drills, saws 
and grinding machines. Built from only seven components, the 
speed controller is suitable for fitting into a compact ABS 
enclosure with mains inout and output. 


Electric tools with electronic speed con- 
trol are invariably more expensive than 
tools without this useful facility. If the 
purchase of several tools is considered, it 
is, therefore, a good idea to decide on the 
construction of a single speed control 
unit that can be used with all electric 
tools, including the ones already 
available. 

The thyristor speed control circuit is, of 
course, also suitable for loads other than 
electric tools. Intensity control of a nor- 
mal bulb, for instance, is possible when 
il is remembered that the maximum out- 
put power of the circuit is only half the 
nominal power consumption of the 
load. This is so because the circuit uses 
only half periods of the sinusoidal input 
voltage. The insertion of a bridge recti- 
fier, rated at 400 V/10 A, between the 
mains and the input of the speed control 
circuit, affords regulation over the full 
power range. For the application dis- 
cussed here (speed control of series 
motors), however, the bridge rectifier 
should not be used. 

The circuit diagram of the speed control 
unit is given in Fig. 1. Capacitor C: and 
inductor Li form a filter for suppres- 
sion of interference on the mains, 
generated when the control circuit is trig- 
gered during the conduction phase. 


Since diodes Di and D2 do not conduct 
during the negative half period of mains 
voltage, potential divider Ri-P: supplies 


only positive voltage to the gate (G) of 
thyristor Thi. This means that the load 
is only powered during the positive ex- 
cursions of the mains voltage — hence, 
the maximum power that can be sup- 
plied is half the nominal power con- 
sumption of the load, so that the maxi- 
mum speed of the motor in the tool is re- 
duced also. In most cases, this is not a 
problem since speed regulation is useful 
for relatively low speeds only. The power 
reduction even has an advantage in that 
it gives greater accuracy of speed control 
because the full range of the poten- 
tiometer is available for a relatively small 
speed range. 


Circuit description 

The speed control circuit is based on 
power regulation with the aid of a 
thyristor, Thi, which conducts only at a 
user-defined phase angle of the positive 
half cycle of the alternating mains 
voltage. The difference between the gate 
potential of the thyristor and the reverse 
electromotive force (EMF) supplied by 
the motor determines when Thi ts fired. 
Firing takes place when the gate is a few 
volts positive relative to the voltage 
across the motor. 

The reverse EMF generated by the motor 
rises with the speed this runs at. This 
means that the thyristor will be fired less 
frequently as the motor runs free (i.e., 


1N4004 


1N4004 


= 


87200 


Fig. 1. Circuit diagram of the low-cost, thyristor-based, speed control circuit. 


Fig. 2. Track layout and component overlay 
of the printed circuit board for the speed 
controller. 


Parts list 


Resistors: 

Rr=8K2; 5W 

Py=1K0;"1, W;_ wirewound potentiometer with 
plastic shaft » . g 8 


Capacitor: 
Ci = 100n400 VDC (250 VAC) 


Semiconductors: 
D1;D2 = 1N4004 
Thr =TIC 126M 


Inductor: 
Lv=4QuH; 10 A suppressor. choke (Omni Eleo- 
tronics) : 


. K4;Ka= “PCB mount: terminal block. « 

Héat-sink for Thi. 

ABS PSU’ enciostire (6.9. Maplin, FG41U Or 
EiectroMail 503-571). 

PCB Type 87200 {not available ready-made. 

through the Readers Services), » oo 


non-loaded) at the set speed — the re- 
verse EMF is then virtually equal to the 
gate potential. In that case, the total 
energy consumption of the motor is, in 
principle, only due to compensation of 
internal mechanical and electrical losses. 
When the motor is loaded, however, its 
speed, and with it its reverse EMF, 
decreases, causing the thyristor to be 
fired earlier. Consequently, more energy 
is fed to the motor, so that its speed is 
corrected until the set level is reached. 

The type of speed control described 
above works well at relatively low speeds 
only because it requires a fairly large 
drive margin. Evidently, full speed com- 
pensation for a heavy load becomes 


more difficult to achieve as the set speed 
approaches the maximum speed (in this 
case, about 50% of the real maximum). 


Construction 


The printed-circuit board shown in 
Fig. 2 has been designed to ensure that 
the speed control circuit can be built in 
a simple, yet safe, manner. The size of 
the completed board is such that it is 
readily fitted in an ABS power-supply 
enclosure with moulded mains plug. 
Since the circuit is connected direct to 
the mains, and carries lethal voltages, it 
should NEVER be used until the enclos- 
ure is properly closed. 
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Although the stated thyristor can control 
loads up to 3,500 VA, it is recommended 
to fit it with a TO-220 style heat-sink 
when loads over 800 VA are connected, 
The connections between PCB and 
mains pins of the enclosure, and those 
between PCB and the load, are made 
with the aid of PCB-mount terminal 
blocks. For 240 and 220 V mains net- 
works, it is imperative that Ci has a AC 
voltage rating greater than 250 V, or 
400 VDC. Inductor Li is a ready-made 
suppressor choke for thyristor circuits. 
Its inductance is fairly uncritical, and 
can be any value between 20 and about 
100 pH. Potentiometer P: must be a 
wire-wound type with a plastic shaft. 


Z80 controller board 

SM Engineering have announced a Z80- 
based single board controller and a range of 
DC and stepper motor control boards. They 
are also able to provide suitable motors for 
use with the boards. The Z80 controller 
board is available at special introductory 
prices from £ 94.95 to £ 108.95 depending on 
the amount of RAM fitted. 


SM Engineering @ ‘St. Georges’ Lion Hill Stone 
Cross @ PEVENSEY BN24 SED. 


New microprocessor crystal 

A low new profile microprocessor crystal 
from Total Frequency Control, assembled in 
a standard HC-49/U case, has a case height 


of only 4mm. Stock frequencies are 
3.57 MHz to 20 MHz and custom fre- 
quencies are available to special order. 

Total Frequency Control Lide P.O.Box 1004 e¢ 
STORRINGTON RH20 3YU. 


ISDN devices 


National Semiconductor and SGS-Thomson 
Microelectronics have introduced a number 
of new devices specially designed for ISDN 
and digital telephone applications. They in- 


clude second-generation PCM codec and 
filter devices, a digital adaptor, a monolithic 
transceiver, and others. They represent the in- 
itial results of a long-standing technology 
agreement between National and SGS- 
Thomson. 


Silicon MMICs for SMT 


Avantek has introduced seven cascadable sili- 
con bipolar MMIC amplifiers housed in a 
low-cost, surface-mount plastic package. 
These MMICs are general-purpose 50-@ gain 
blocks intended for use in narrow- or broad- 
bandwidth IF and RF amplifier designs. 
Wave Devices @ Laser House e 132-140 Goswell 
Raod e LONDON ECIV 7LE. For Avantek 
distributors outside the UK, see the January 1988 
issue of Efektor Electronics. 


New version OTDR 

Schlumberger Instruments has announced a 
new version of its 7725 Optical Time Domain 
Reflectometer that has an improved dynamic 
range to extend one-way measurement dis- 


tance to an unprecedented 70 km. The im- 
provement, designed to provide the user with 
flexibility to evaluate 60 km links, is achieved 
with no trade-off on solution, which remains 
1 metre over the full range. 


Schlumberger Instruments Division e Victoria 
Road e FARNBOROUGH GU14 7PW. 


CR RCH HEATH Me 
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si . FY 
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EPROM programmer 

The new UVIPROM 16/432 EPROM programmer 
is a reasonably priced, easy-to-use unit for 
the BBC, B+ or Master microcomputer, en- 
abling programming of 2764, 27128 and 
27256 EPROMs, including CMOS and ‘‘A”’ 
versions. It is available ex-stock at £ 30.00 
(incl. VAT and p&p) from 

Ground Control e@ 4 Alfreda Avenue ¢ 
Hullbridge © HOCKLEY S$S5 6LT. 


Correction Automatic 
diagnostics for Jaguar 


Our news item on p. 62 of the October 1988 
issue gave the impression that Datac jointly 
developed the diagnostic system with Cirrus 
and Jaguar. This is not the case: the system 
was developed by Cirrus and Jaguar, with 
Datac supplying only the printer. 

Also, the address for further information 
should have been Datac PLC, Tudor Road, 
ALTRINCHAM WAI4 5TN, Telephone 
061-941 2361. 

We apologize to all parties concerned for any 
inconvenience caused. 


By i 
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DECODING ICs FOR 


CD PLAYERS 


Although the majority of popular compact-disc players on the 
market offer 16-bitx4 times oversampling, it is by no means 
certain that this is the standard for the future. Philips-Valvo have 
introduced new decoding chips that may herald the third gener- 
ation compact-disc player offering 1-bitx256 times oversampling. 


Figure 1 of Pitch Control for CD 
Players’ showed the block schematic of 
a typical second-generation compact- 
disc player. The signal processing 
(decoding) section of that diagram is 
repeated in Fig. 1 of this article. It con- 
sists of four special CD ICs and a stan- 
dard DRAM. For the third-generation 
CD player, the four special CD ICs have 
been replaced by two new ICs as shown 
in Fig. 2. 

The current SAA7220 is a phase linear, 
4x oversampling digital filter with 120 
filter coefficients. Its frequency response 
is shown in Fig, 3, In conjunction with 
the Type TDAI541 16-bit digital-to- 


TDA1542 third-order analogue filter, it 
has a ripple of only 0.02 dB in the pass 
band and an attenuation of >50 dB 
outside the pass-band. It is not ideal for 
use with de-emphasis circuits. 

The SAA7220 also interpolates the 
values of missing or uncorrectable 
samples. It can estimate up to eight such 
samples as shown in fig. 4. The figure 
also shows that the SAA7210 decoder 
provides a basic interpolation function 
prior to the SAA7220. 

For good sound quality, both efficient 
error correction and good linearity of 
the Type TDAI541 digital-to-analogue 
converter are vital. This IC contains two 


analogue converter and the Type complete 16-bit D-A converters that, like 
de - emphasis - 
it from - 
preampllfiar SAA7220 TDA1541 TDA15a2 audio - 
nto es 3 (24 - pin) P {28 - pin) (28 - pin) signal 
le ulation, Saeed digital filteri ae eet 
error correction & |1?S-bus interpolation” FS-bus DiAreenvorti ‘ 7 anos tl ec headphones 
drop-out concealment 7 post-fittering output 
signal Tal 
{IP L _ ; + digital 
audio output 
| Q-channel from disc motar mute from attenuation 
subcoding data servo control servo from servo 
880187-11 


Fig. 1. Block diagram of the decoder and digital-to-analogue converter in a typical second- 


generation CD player. 
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the earlier TDAI540, operate on the 
well-known current division principle. 
Since each of the stereo channels has its 
own converter, there is no time delay be- 
tween their signals. The conversion time 
is shorter than 2 ys, so that data rates of 
more than 6 Mbit/s can be processed. 
By periodic overlapping of the two D-As 
on one chip, it is possible to achieve a 
sampling rate of 380 kHz per channel. 
As a matter of fact, in some CD players 
the TDAI1541 provides 16-bitx8 times 
oversampling. 

The SAA7220 is connected to the 
TDAI1541 via a so-called (?S (Inter-IC- 
Sound) bus, This consists of a clock line, 
a serial data line, a control line, and a 


level (dB) 


St ii fei iil il 


20 n AG 50 
lisensionsy (kHz) —— 
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Fig. 3. Frequency response of the digital filter 
in the SAA7220. 
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EFAB (error flag) 


880187 - 14 


Fig. 4. The SAA7210 provides basic inter- 
polation of uncorrectable sample values. The 
SAA7220 then equalizes up to 8 sequential 
sample values by linear interpolation. 


Fig. 2. Block diagram of the decoder and digital-to-analogue converter stages in a third- 
generation CD player: five chips have been reduced to three. 


line that connects the system clock in the 
SAA7220 to the SAA7210 (where the 
clock is connected to the disc motor ser- 
vo). The control line serves to indicate 
whether the data pertain to the left-hand 
or right-hand channel. 

The Type TDA1542 third-order low-pass 
filter also has provision for a matching 
amplifier and a driver stage for head- 
phones output. 

The internal circuit of the TDA1542 and 
the external components required to 
form it into a Thomson-Butterworth 
third-order low-pass filter are shown in 
Fig. 5. Its frequency response is shown 
in Fig. 6. Without de-emphasis, the cut- 
off frequency is about 45 kHz, so that in 
the CD transmission range up to 20 kHz 
ripple and phase shift are very small. 
When the sound reproduction has de- 
emphasis, the TDAI1542 is provided by 
the SAA7210 with an appropriate con- 
trol signal that actuates the de-emphasis 
elements via opamps Az and Ax. The 
response is then as shown by the dashed 
line in Fig. 6. It has a number of lower 
cut-off frequencies which cause a 
noticeable phase shift. The equalizing 
characteristic and the equality of the two 
channels is then determined largely by 
the tolerance of the external resistors and 
capacitors, so that fairly large deviations 
from the nominal values may result. This 
fact is normally ignored during the 
testing of CD players. It would be in- 
teresting to see the frequency response of 
CD players that have de-emphasis. It 
must be admitted that there are not 
many of these, however. It is even so 
that, for instance, Cambridge Audio 
Systems have removed the de-emphasis 
circuits from their latest high-end CD 
player. 

Network L1-Cs3 forms a notch filter for 
appropriate attenuation of _ the 
156.4 kHz harmonics at the output of 
the D-A converter. 

A complete circuit diagram of a typical 
decoder circuit found in many popular 
CD players is given in Fig. 7. Instead of 
the not yet widely used TDAI541, two 
dual opamps Type NE5532 are used to 
form the analogue filter. The de- 
emphasis circuits are actuated by relay 
contacts Ki and Kz. The relays are ener- 
gized by driver Tz at the DEEM output 
of the SAA7210. 

The stereo signal is available at outputs 
a and d, There is no provision for head- 
phones outputs. 

It is worth noting that in this circuit, as 
well as in that of Fig. 5, electrolytic 
capacitors are used in the signal path. 
This was also the case in the Philips CD 
players used for the research of this 
article. [t only goes to show that if you 
don’t know there are electrolytic 
capacitors in the signal path, you don’t 
hear their presence! None the less, 
Walter Jung, who, as Matti Otala, 
became well known in the 1970s by his 
articles on a.f. opamps and amplifier 
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Fig. 5. Internal circuit of the TDA1542 together with the external components required to 


make it into a third-order low-pass filter. 


techniques, gives his recommendations 
for reconstructing these circuits without 
the use of electrolytic capacitors in the 
January 1988 issue of The Audio 
Amateur . 


Third generation CD 


As already shown in Fig. 2, in the next 
generation CD player, the SAA7310 per- 
forms the same functions as the current 
SAA7210: demodulation, full error cor- 
rection, and basic interpolation of un- 
correctable audio samples. In addition, 
it controls the new data interpolation in- 
hibit and the data concealment process. 
The SAA7320, which replaces the 
SAA7220, the TDAI541 and the 
TDA1542, includes a phase linear digital 
low-pass filter, two newly designed high- 
linearity D-A converters and opamps for 
analogue post-filtering. Like the 
SAA7220, it has facilities for attenuating 
the audio output by 12 dB, which can be 
used at the start of fast forward/fast re- 
verse commands and a search for a 
track, for instance. In addition, the soft 
mute facility that can be used when 
moving to another track and during 
pauses is retained. 

As already stated, the data format be- 
tween the SAA7310 and SAA7320 is ac- 
cording to the inter-IC sound specifi- 
cation, I?S. The ’S bus is a 3-line bus 
comprising clock, serial data line, and a 
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Fig. 6. Transfer function of the filter in Fig. 
5 with and without de-emphasis. 


control line used to select right-hand and 
left-hand channel words. The I2S format 
allows combinations of second- and 
third-generation ICs to be used in a CD 
player, giving the player manufacturer 
maximum design flexibility. 

Apart from having fewer ICs, the third- 
generation players draw a much smaller 
current, since the new chips are all made 
in CMOS technology and intended for 
surface mount production. The 
SAA7310 is, however, also available in a 
DIL package. The new chips should, 
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Table 1. 
Decoding ICs for CD players 


de- error interpolation digital- DIA application 
modulation correction basic enhanced filtering conversion PP 
st generation SAA7010 SAA7020 SAA7000 — SAA7030 2x TDA1540 home players 
plus discrete analogue 
low-pass filter 
2nd generation SAA7210 SAA7220 TDA 1541 plus home and 
| TDA1542 iz full-performance players 
3rd generation SAA 7310 - SAA 7320 portable 
and home players 
2nd & 3rd SAA 7310 SAA 7220 TDA1541 plus full- performance 
generation TDA1542 players 
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hig. 8. Block schematic of the data flow in an 
SAA7320. 


therefore, make possible the production 
of inexpensive, high-quality portable 
and mobile CD players. The possible 
combinations of current and new- 
generation chips are given in Table 1. 
The data flow in the SAA7320 is given in 
block schematic form in Fig. 8. The first 
filter stage corresponds to that in the 
current SAA7220, but has 128 filter 
coefficients instead of 120. The filter is 
followed by an I?S output so that oper- 
ation with a TDAI54] as D-A converter 
is possible. The remainder of the IC is 
then not used. 
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Fig. 9. Circuit diagram of the 1-bit digital-to- 
analogue converter in the SAA7320. 
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Fig. 10. At low signal levels, the linearity of 
the 1-bit system is better than that of a con- 
ventional 16-bit D-A converter, 
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Fig. 11. Schematic diagram of the decoder, D-A converter and analogue filter in a third- 
generation CD player. Compared with second-generation circuits, as in Fig. 7, it has far fewer 


components. 


The 4x oversampling filter is followed 
by a further oversampling filter (64x; 
first 32 by linear interpolation and the 
2x by sample-and-hold). An internally 
generated noise resembling dither signal 
is added to the signal to reduce quan- 
tization distortion at low signal levels. 


This increases the amplitude, however, 
so that after interpolation 17-bit wide 
samples ensue. 

The 256% oversampling process there- 
fore provides 17-bit words at a sampling 
frequency of 11.28 MHz (=191.76 
Mbit/s). A l-bit quantizer reduces the 17 
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bits to | bit per sample. (A quantizer is 
a circuit that selects the digital subdivi- 
sion into which an analogue quantity is 
placed, i.e., a sort of A-D converter). 
The resulting rounding-off error is fed 
back to the input of the quantizer, whose 
correcting action reduces the quantiza- 
tion noise so that only a minute part re- 
mains in the audio range. In practice, 
this technique works so well that the 
signal-to-noise ratio with 1-bitx256 
times oversampling corresponds to that 
of a conventional 16-bit D-A converter 
without oversampling. 

The actual I-bit D-A converter consists 
of a very simple circuit with switched 
capacitors as shown in Fig. 9. During 
the first half of the sampling period, de- 
pending on the logic state of the data in- 
put, capacitor C1 is charged (drawing 
current from the inverting input of the 
opamp) or Ce discharges (sending cur- 
rent into the inverting input of the 


opamp). During the second half, the 
process is reversed. 

The linearity of such a 1-bit converter 
can be superior to that of a conventional 
D-A converter. On the one hand, there 
are fewer converter stages and thus fewer 
tolerances, and on the other, the LSBs 
become more accurate. These LSBs nor- 
mally cause non-linearity and thus dis- 
tortion at low signal levels—see Fig. 10. 
Because of the superior linearity at small 
signal levels, the 1-bit system may well 
offer advantages (acoustically speaking) 
over the less-precise 16-bit D-A con- 
verter. 

The opamp in Fig. 9 that serves as a 
current-to-voltage converter and also as 
a first-order low-pass (6 dB/octave) filter 
is followed by an opamp for each chan- 
nel. Each of these opamps forms a 
second-order filter with external 
components—see Fig. 11. 

These opamps operate from 5 V and 


have a slew rate of 30 V/us and a signal- 
to-noise ratio of more than 100 dB. 

A further, third-order (18 dB/octave) 
filter in each channel ensures an opti- 
mum flat frequency response over the 
audio range of 2 Hz to 20 kHz and a 
high (60 kHz) cut-off frequency, 
Furthermore, there is no phase shift at 
frequencies below 20 kHz. 
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Intelligent buildings in Europe 
The skyscrapers of Europe will have 
brains by 1992 says a report from Frost 
& Sullivan, Building Control and 
Management in Europe. [t continues to 
say that the incorporation of an inte- 
grated system of telecommunications, 
office automation, and building services 
Management is ‘‘on the horizon’’ and 
that there has been a recent and ac- 
celerated trend towards integrating such 
disparate things as heating, ventilation 
and air conditioning (HVAC), fire 
alarms or controls, and access controls. 
The report forecasts that the highest 
growth rate will occur in the UK, closely 
followed by West Germany. 


Two-channel Satcom terminal 
on trial 

A new ship earth station—SES—capable 
of providing two simultaneous telephone 
or telex calls through the same antenna 
is undergoing type-approval tests and 
will then be installed on the Cunard 
cruise ship Queen Elizabeth 2 during its 
imminent refit. 

The Marconi SES, known as Oceanray 
2C, consists of the same components as 
the company’s Oceanray 2, but has a 
new dual RF unit mounted beneath the 
antenna. 

According to Marconi, the development 
vindicates the original unorthodox 
design concept of Oceanray 2, which 
kept the RF equipment outside the 
antenna, since it now leaves space to in- 
crease the relevant components. The new 
antenna system will, however, be en- 
closed within a mushroom-shaped 
radome to cover the extra components, 
distinguishing it from the spherical 
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radome of the single-channel unit. 

The installation on the QE2 is intended 
as a commercial trial by Marconi, 
although Cunard say that, subject to 
satisfactory operation and performance, 
they intend to buy it. Cunard is then also 
expected to decide whether to order 


IBA team awarded 
JJThompson medal 

The J J Thompson medal for 1988 has 
been awarded to the development team 
at the Independent Broadcasting Auth- 
ority who created the MAC/Packet 
Colour Television System. 

The acronym MAC stands for Multi- 
plexed Analogue Component system, 
which is a technique that avoids cross- 
colour defects and has many other im- 
portant advantageous features. For in- 


stance, it overcomes many of the defi- 
ciencies of present television standards, 
makes the optimum use of the interna- 
tionally agreed satellite channels and of- 
fers significant prospects for future 
developments involving wide screens and 
high definition. 


SIC Services stock Siemens 
instrumentation 


STC Instrument Services has signed an 
agreement with Siemens to stock a com- 
prehensive range of PC-based intrumen- 
tation. 

The STC Instrument Services 320-page 
catalogue now lists instrumentation 
from more than 65 suppliers. 
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AUTONOMOUS TO CONTROLLER 


This concluding instalment of the article deals with serial interface 
hardware at the host computer side, and software command 


The RS232-to-current loop converter 
shown in Fig. 12 is the same as that used 
in the microcontroller-driven power 
supply. A discussion of its operation and 
application can be found in Ref. 1. Con- 
structional details are shown in Figs. 13 
(printed-circuit board) and 14 (practical 
version, ready for fiting inside the hood 
of a male D-25 connector). Pins 4 and 5 
of non-used D9-connectors should be in- 
terconnected to prevent breaking the cur- 
rent loop. The adaptor allows up to 6 in- 
struments to be connected to the bus, 
but only if the host computer supplies 
+12 V at its RS232 outlet. Some com- 
puters supply only 5 V, which limits the 
number of instruments that can be con- 
nected to 2 or maybe 3 


Selective addressing 


The bus structure designed for the 
automous I/O controller and the 
microcontroller-driven power supply 


(Ref, 1), allows individual addressing of 
equipment with the aid of selection 
codes, which are in the range from 128 to 
155. When an instrument selection code 
is sent via the bus, the central processor 
in cach bus-connected instrument is in- 


Parts list 
ADAPTOR BOARD. CIRCUIT DIAGRAM: FIG. 12 
Resistors (SMA types): 


R1;R2=220R 
R3=2K2 


Capacitors: 
= 68y; 16 V; miniature axial, 
C2=10u; 16 V; miniature radial. 


Semiconductors: 
DB1;D2;03=BAS32 {=SMA version of 1N4148} 
T1=BF256A 


Miscellaneous: 

Ki= 25-way female sub-D connector with 
hood. 

K2= 9-way male sub-D connector with hood. 

PCB Type 880016-4 (see Readers Services 
page). 


descriptions. 


Final Part 


D1...04 = BAS32 
* = SMD 


880184 - 23 


Fig. 12. Circuit diagram of the RS232-to-current loop converter. 
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Fig. 13. True-size track layout and compo- 
nent mounting plan of the RS232-to-current 
loop adaptor. The circuit is built mainly in 
surface-mount technology. To facilitate 
soldering, the component overlay is not actu- 
ally printed on boards supplied through the 
Readers Services. 


terrupled to compare the current code 
with its own identification code. As 
shown in Table 2 (see Part 1) each type 


Fig. 14. The adaptor circuit is so small that 
it can be housed in the hood of a female D25 


connector plugged into the host 


puter’s RS232 outlet. 


com- 


of instrument can be assigned one of 
four addresses. This is done to enable 
the use of up to four instruments of a 
particular type (in this case, an I/O con- 
troller or a microcontroller-driven power 
supply). 

When the I/O controller recognizes its 
identification code on the bus, LED 
REMOTE CONTROL lights to indicate that 
the serial interface is available for trans- 
mission and reception of commands and 
data to or from the host computer. 
Figure 2 in Part 1 of this article shows 
that the serial interface in the I/O con- 
troller is based on a pair of optocouplers 
to ensure complete electrical insulation 
from other bus-connected devices. It 
should be noted that production toler- 
ance on the optocouplers is relatively 
high. In certain cases, therefore, the 
values of R20 and R22 may have to be 
changed to ensure a sufficiently low 
digital level. 


Serial interface commands 


The serial data format and speed is 
9600 baud, 1 start bit, 8 data bits, 
2 stop bits and no parity bit. 


General: 
Three types of command are available: 


e Identification codes to enable serial 
communication with an instrument, 
after interrupting its ‘off-line’ operation. 
Reserved codes are 128 to 255. The 
autonomous I/O controller can be 
assigned an address between 144 and 
151. 
@ Commands to read data from the I/O 
controller. These commands are given 
in lower-case letters. The  con- 
troller’s response is a parameter in 
decimal notation (or in hexadecimal in 
certain cases). Voltage readings are ex- 
pressed in volts (V), preceded by non- 
significant leading zeroes where ap- 


plicable. 
e Single-character commands, e.g., 
N<CR> to. switch to the 


NO LOCAL mode. The I/O controller 
sends nothing in return (except, in cer- 
tain conditions, the echoed command). 
When ECHO ON is selected, the [/O 
controller returns all received com- 
mands. Incorrect characters or syntax 
errors, however, are returned in the form 
of a question mark. 


Identification code 

Each bus-connected instrument is con- 
figured to recognize a particular odd- 
numbered and an even-numbered ad- 
dress. The first effectively switches the 
instrument ‘off-line’, the second ‘on-line’ 
(see Table 2). 


Even-numbered address (on-line; listen) 
The host computer can select the I/O 
controller, i.e., switch it ‘on line’, by sen- 
ding the address (between 144 and 150) 


that corresponds to the configuration of 
diodes Di and D2 on the main PCB. 
Provided the [I/O controller is in 
ECHO ON mode, the selection code is 
returned to the host computer. Also, 
LED REMOTE CONTROL on the front panel 
is turned on, and remains on until the 
‘off-line’ (quit) code is received. 


Odd-numbered address (off-line; quit) 
Serial communication with the I/O con- 
troller is terminated by the host com- 
puter sending the ‘off-line’ (quit) address 
immediately after the ‘on-line’ address. 
Assuming that the instrument identifi- 
cation code is 144, reception of address 
145 disables serial communication with 
the host computer. Listen and quit codes 
need not be followed by a <CR>. The 
1/O controller never echoes the quit code 
when this is recognized and accepted, 
even when ECHO ON is selected. The 
instrument can only be brought on-line 
again by the host computer sending the 
appropriate even-numbered address. 


Status byte request 

To prevent the computer sending inap- 
propriate or improperly timed com- 
mands to the I/O controller, this sup- 
plies a status byte of configuration 
shown in Table 3. The computer can call 
up the status byte by sending command 
NUL (control-@ or 00n, not ASCII 0), 
which is never echoed. 


STATUS BYTE 
1 ie) 


echo on echo off 


outputs outputs 
disabled enabled 


| toca | no tocal _| 
B1 = 1; B5 = B6 = B7 = 0 
shaded areas denote default settings 


The host computer should always read 
the status byte, and wait until bit b2 is 
high (ready) before sending a new com- 
mand to the I/O controller. Command 
NUL itself is never echoed. Instead, 
NUL prompts the [/O controller to im- 
mediately send the status byte. Example: 


00n command received by the I/O 
controller 
16n status byte returned by the 1/O 
controller. 


With reference Table 3, this means that: 
the I/O controller is in LOCAL mode 
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and ready to accept a new command, the 
digital outputs are enabled, and ECHO 
is turned off. 


Note: in the ECHO ON mode, reception 
by the host of the echo of the CR used 
for ending each command does not 
guarantee the actual execution of this 
command. When the command returned 
has been subject to normal echoing (i.e., 
characters are sent back in their true 
form, not as ‘?’), the echo of the CR 
merely indicates that the command has 
been received correctly, and Is ex- 
ecutable, Whether or not the command 
has actually been executed can only be 
ascertained by calling up the status byte. 


The highest value of the status byte sent 
by the I/O controller is 1Fu (ECHO ON 
mode; ready; digital outputs disabled; 
LOCAL control). The lowest value is 
02H (ECHO OFF mode; not ready; 
digital outputs enabled; NO LOCAL 
mode). 


General-character commands 

WM CR and CANCEL (ctrl-X; 181) 
Each command, with or without 
parameters, should be ended with a CR 
(carriage return; ODn), not a CR-LF 
(carriage return followed by line feed 
OAn), which will not be accepted by the 
I/O controller. CANCEL can be sent at 
any time in the string, but before the 
closing CR, to prevent an erroneous 
command being executed. CANCEL is 
echoed just like any other character. 


Error message sent by the I/O con- 
troller 

Bg? 

When the I/O controller is in 
ECHO ON mode, it replaces incorrect 
characters with a question mark, i.e., the 
incorrect character sent by the host com- 
puter is not echoed. The returning of a 
‘?’? means that the command that con- 
tained the incorrect character has been 
cancelled. For example, when the I/O 
controller receives string UI,10.1A, it 
returns U1,10.12, and does not execute 
command UI1,10.1. The I/O controller 
does not accept any new command until 
it has received a CR or a CANCEL com- 
mand. 


Commands without parameters 

B@ R<CR> 

R stands for RESET. The result of this 
command is the same as switching the 
1/O controller off and on again. Note 
that the serial interface is then switched 
off-line, so that the last character re- 
ceived on the host computer is the ech- 
oed CR following R (provided, of 
course, ECHO is ON). 


N<CR> 

N stands for NO LOCAL. This com- 
mand inhibits the push-button on the 
front panel of the I/O controller until 
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the reception of command LOCAL (L) 
or RESET (R). Following the reception 
of the quit code (odd-numbered instru- 
ment address), LED REMOTE CONTROL re- 
mains on when the I/O controller is in 
NO LOCAL mode. This is so arranged 
to provide an indication when the push- 
button on the front panel is effectively 
disabled. The LED goes out when either 
one of the above mentioned reset con- 
ditions is met, or when the unit is 
switched off and on again, which auto- 
matically resets it to the default con- 
figuration. 


L<CR> L stands for LOCAL. This 
command enables the push-button on 
the front panel. The I/O controller 
defaults to LOCAL after power-up. 


X<CR> 

This command selects ECHO ON mode. 
It is particularly useful when the I/O 
box is controlled by means of a terminal, 
or a computer acting as a terminal. The 
1/O controller defaults to ECHO ON 
after power-up. 


Y<CR> 
This command selects ECHO OFF 
mode. ECHO is best turned off when 


the host computer executes a program 
that simultaneously uses several instru- 
ments on the bus. ECHO is effectively 
turned off after the command itself, 
Y<CR>, has been echoed. This means 
that the question mark (syntax or trans- 
mission error) is not echoed afterwards. 


{144.. 
{141.. 


C<CR> 

This command forces all digital outputs 
of the 1/O controller to logic low. Note 
that the digital outputs are of the open- 
collector type: a logic low level, 
therefore, turns off the output transistor, 
so that its collector voltage is almost the 
supply voltage. 


D<CR> 

This command forces all digital outputs 
of the I/O controller to logic high. Note 
that the digital outputs are of the open- 
collector type: a logic low level, 
therefore, turns on the output transistor, 
so that its collector voltage is practically 
nought. 


Commands with parameters 

General note: although the decimal 
point in the syntax of the parameters is 
only processed as a delimiter by the 
microcontroller in the I/O controller, it 
is essential, and facilitates progamming 
the host computer because it makes the 
parameter syntax compatible with that 
of BASIC (in particular, instruction 
PRINT USING). 


The analogue outputs are numbered 0 to 
3; the analogue inputs 0 to 7. The digital 
outputs are numbered 0 to 31 in 4 blocks 
of 8; the same goes for the digital inputs. 


Contrary to the protocol used for the 
microcontroller-driven power supply, the 
autonomous 1/O controller does allow 
two-parameter commands, ¢.g., output 
number followed by logic level, or out- 


put number followed by analogue 
voltage. The default for the second 
parameter is nought. Data for the digital 
input and output channels on the I/O 
controller can be sent in decimal or hexa- 
decimal. The latter format is useful 
when the unit is controlled direct by a 
terminal. Decimal notation, on the other 
hand, is advantageous when BASIC is 
being used. 

Syntax verification is automatic and 
works on a character-by-character basis 
while commands are being loaded. 
Parameters in hexadecimal notation 
should be preceded, not followed, by the 
letter h or H. 


Single-parameter commands 
The parameter is the number of the out- 
put, or the block of outputs. 


a<n><CR> 
Parameter n is given either in decimal (0 
to 31) or hexadecimal (HO to HIF). This 
command enables reading the state of a 
logic output. The I/O controller returns 
a 0 when the output is logic low, and a 
1 when the output is logic high. 
Examples: 

a7<CR> 
reads the state of the last output line in 
block 0; 

a8<CR> 
does the same for the first output line in 
block 1. 


b<0 to 3><CR> 
This command enables reading the state 
of the eight digital outputs in a block. 


. 150) even-numbered address enables serial communication 
.161] odd-numbered address disables serial communication 


initialization 
mode LOCAL 
mode NO LOCAL 
mode ECHO ON 
mode ECHO OFF 


all digital outputs to logic 0 
all digital outputs to logic 1 


a 
b 

8 
f 
g 
u 
v 
G 
H 


(0 to 31) 
{0 to 3) 


(0 to 3) 


(O or 1) 

(0 to 255) 
(O or 1) 

(O to 255) 
(O or 1) 

{0 to 10.23) 
(0 to 10.23) 


read digital output level 


read digital input level 


tead biock configuration byte (8 pete. 


read block configuration byte (8 inputs) 

read block interconnection status {(O=off; 1=on) 
read programmed analogue output voltage » 

read analogue voltage applied to input 


interconnection in block enabled 
interconnection in block disabled ~ 


write logic level to output line 


write byte to block of output fines. 


write voltage to-analogue output 


The I/O controller returns data in the 
form of 4 characters. 
Eaxmples: 
bO<CR> 
reads the state of the output lines in 
block 0. Assuming that these are all 
logic 1, the I/O controller answers: 
0255 
Similarly, in hexadecimal, command 
bhoO<CR> 
would result in answer 
HOFF 
The answer represents the programmed, 
not the actual, levels on the outputs. 
This means that the answer to command 
b does not take the DISABLE OUTPUTS 
function into account. 


e<n><CR> 

Parameter n is given either in decimal (0 
to 31) or hexadecimal (HO to HIF). This 
command reads the logic level applied to 
a digital input (see command a above for 
syntax and answer descriptions). 


f<0 to 3><CR> 

This command enables reading the state 
of the eight digital inputs in a block (see 
command b above for syntax and answer 
descriptions), 


g<0 to 3><CR> 

The answer to this command informs 
the host computer whether or not inputs 
and outputs of identical number in the 
stated block are interconnected (answer: 
1} or not (answer: 0). 

The interconnection is a software func- 
tion of the I/O controller, which is 
capable of detecting falling pulse edges 


This means that the answer is always in 
decimal notation. 


v<0 to 7><CR> 
This command reads the voltage applied 
to the stated analogue input. 
Example: command 
v6 
returns 
09.10 
to indicate that input 6 is driven with an 
analogue voltage of 9.1 V. 


G<0 to 3><CR> 
This command results in interconnection 
of corresponding lines in the stated 
block. The interconnection works even 
in the NO LOCAL mode, but not when 
the digital outputs are disabled manually 
by pressing key DISABLE OUTPUTS (LED is 
turned on). 
Example: command 

GI1<CR> 
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H<0 to 3><CR> 
This command effectively ends the inter- 
connection of corresponding inputs and 
outputs in the stated block. 
Example: command 

H2<CR> 


Two-parameter commands 

The two parameters involved are 
separated by a comma. The first 
parameter is the number of the output, 
or block of outputs. The second 
parameter is the desired logic level, com- 
bination of logic levels, or analogue out- 
put voltage. 


A<n>,<0 or 1><CR> 
Parameter 7 is given either in decimal (0 
to 31) or hexadecimal (HO to HIF). This 
command programs a logic level (0 or 1) 
on the stated output (7). 
Examples: command 

A,<CR> 


1@ REM f**k erreey TEST PROGRAM 2 DEVICES **tt*eeeene 


22 PWR = 132: IO = 
a@ LS 

4B: 

S@ REM If any file cpen, close i 
6@ CLOSE 

7@ ? 

8@ REM Open communication port 
g@ REM as file number 1. 

1Q@@  GPEN "coml:96@¢@,n,@,2" AS 1 
11a 


144: 


“COML »* 


{960QBRd. 


REM device addresses 


no parity, @ bits, 2 stopbits) 


120 REM Delay (minimal .2s} to get correct interface voltage. 


130 FOR DELAY=@ Tu 18@@; NEAT 
148: 


150 REM Initialize and close ali devices. 


166 FOR ADDR = 128 TO 254 STEP 2 


178 PRINT#1, CHR#! ADDR) ;CHR#(&H18) ;"R":CHRS(&HD) : 


18@ NEXT ADDR 
19@ : 
2@@ REM Clear host RxDb-buffer. 


_ 


(transition from | to 0), on digital inputs 210 WHILE NOT(ECR(1) ):DUNMY$=INPUTS(1,#1) : HEND 
in the interconnected block. The soft- 220; 
ware arranges for the corresponding out- | $82 REM, cis.7"*t11.7 MAINRODKAH crete stot ‘ 
put to toggle, and remain in the new 520 ADDR=PWR: CMND$="I": NROFVARS=1; VARi-1@: GOSUB 1000: 100mA 
state until a further high-to-low tran- wet oh iach CMND$="D": NROFVARS=@: GUSUB 1@@@: ne @V out 
sition is detected. Key debouncing (max, 558 WHILE Ke 2128 
3 ms) is also ensured by the program, 560 REM set one output of block @ a oe 
ee : 57@ ADDR=IG: CMND$="B"; NROFVAKS=2: VAR1=@: VAR2=%: GOSUB 1000 

making it possible to have push-buttons, 586 REM test value of analog input #, loop if 1 1.5V 
connected direct to the inputs of an in- 598 ADDR=10: CMND$="v"; NRGFVARS=1: VAR1=@: GCSUB 1008; VOLTAGE = I 
terconnected block, control loads 620 LOCATE 1,2: PRINT”Analog input @: Us". :PRINT USING"##.##"; VOLTAGE 
(LEDs; relays) on the corresponding out- ee ete REM select next output 
puts. 640 ADDR=10; CMND$="C": NROFVARS=0; GOSUB 1¢@0: REM all sutputs ® 
Example: command: os tania CMND$="C": NROFVARS=@; GOSUB 1000; REM @V out 

g2<CR> 670 : 
cree ieee tom eaweeeese£0°2 OUTPUT COMMAND ***ecracecanasaas 

1@10 REM 


102@ REM Open device 
1938 REM close device. 


"ADDR'’, check status, transmit command if ready and 


indicates that block 2 is in interconnec- 


ted mode, 104@ REM On exit 'I' contains the requested value (if any). 


1050 REM 
106@ PRINT#1. CHR$(ADDR); : REM open device ‘ADDR’ 
u<0 to 3><CR> 1070 PRINT#1,CHR$(@);: STATUS=ASC(INPUTS(1,#1)}: REM get status 
This command reads the set output 1080 IF (STATUS AND 4}=0 GOTO 1070: REM loop if not ready 
Rs 1090 REM *7**7774""* Transmit command and variables (if any) "*t}**##eaeanan 
voltage relevant for the stated analogue 11@@ PRINT#1, CMNDS; 
output. 1110 IF NROFVARS >= 1 THEN PRINT#1, VAR1;: REM first variable 
; 1120 IF NROFVARS >= 2 THEN PRINT#1, ","; VAR2:: REM second variable 
Example: 1130 PRINT#1,CHR$(&HD);: REM <CR> 
Assuming that analogue output 0 has oy OR lg ye Ma ie SON Hai 
1150 IF (CMND$ «= "z") AND (CMND$ >= "a") THEN INPUT#1, I 
been programmed to supply 9.99 V, 116@ PRINT#1,CHR&{ADDR+1);; REM close device 
commands 11728 RETURN 
880184 - 28 
u0<CR> and 
uhO<CR> 


both prompt the [/O controller to 
answer 
09.99 


Fig. 15. Sample GWBASIC listing that illustrates the way in which one microcontroller- 
driven power supply and one autonomous [/O controller may be operated with the aid of 
commands sent via the instrument bus. 
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or 
A0,0<CR> 


programs a logic low level on digital out- 
put 0. Command 

Al,1<CR> 
programs a logic high level on digital 
output 1. 


B<0 to 3>,<n><CR> 
Parameter n is given either in decimal (0 
to 255) or hexadecimal (HO to HFF). 
This command enables simultaneous 
programming of all 8 outputs in a block. 
The first parameter is the block number, 
the second the desired 8-bit pattern (in 
decimal or hexadecimal). 
Examples: command 

B,<CR> 
or 

B0,O<CR> 
sets all output lines in block 0 to logic 
low. Command 

BI,HAO<CR> results in binary pat- 
tern 1010 0000 on the output lines in 
block 1. 


U<0 to 3>,<n><CR> 
Parameter is either 0 to 1023, or 0 to 
10.23. This command programs the 
desired output voltage on the stated 
analogue output. The first parameter is 
the number of the output, the second a 
value between 0 and 10.23 (V) or 1023 
(mV). 
Examples: commands 

U,<CR> 


and 
U0,00.00 
both result in 0 V on analogue output 0. 
Commands 
U1,.23<.CR> 
and 
U1,00.23<CR> 
both result in 230 mV on analogue out- 
put 1. Commands 
U2,3.40<CR> 
and 
U2,03.40<CR> 
both result in 3.4 V on analogue output 


Note that the 0 following 4 in the 
previous example is significant: 
command 

U2,3.4<CR> 
is the same as 

U2,.34<CR> 
and both result in 340 mV, not 3.4 V, on 
analogue output 2. 
Finally, command 

U3,10.23<CR> 
results in 10.23 V on analogue output 3. 


Sample program and final 
remarks 

The GW-BASIC listing in Fig. 15 is given 
here to aid programmers getting started 
with developing application-oriented 
software for the host computer. The 
sample program enables an IBM PC or 
compatible to control two bus- 


connected instruments: a microcontrol- 
ler-driven power supply (Ref. 1) and an 
1/O controller as descibed in this article. 


At the end of this article we once more 
advise readers that the control program 
in the Type 8751 microcontroller is pro- 
tected by copyright. Listings can, 
therefore, not be made available. Ready- 
programmed, copy-protected, 8751’s are 
available through the Readers Services. 


References mentioned here can be found 
at the end of Part 1. 


NEWS 


New digital services 

A new digital communications service 
providing business customers with high- 
speed PBX connections to System X 
electronic local exchanges was launched 
by British Telecom recently. 

These connections will support the new 
generation of digital electronic switch- 
boards known as integrated services 
private branch exchanges (ISPBXs), now 
becoming available from all major sup- 
pliers in the United Kingdom. They will 
link ISPBXs into British Telecom’s inte- 
grated services digital network—ISDN. 


Broadcasting equipment 
market in western Europe 


A study by Frost & Sullivan estimates 
that the broadcasting equipment market 
in western Europe will increase by nearly 
a third to $27.8 billion by 1992. 

Increases in transmission equipment 
have accompanied the spread of VHF 
radio. In 1987 there was a total of 2,660 
main VHF _ transmitters (excluding 
relays) in western Europe. Most, 610, 
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were in Scandinavia. The study forecasts 
the total to increase to 3,275 by 1992. 
The greatest growth will come in Spain 
and Portugal, from 440 in 1987 to 715 in 
1991. 

In the television sector, the study 
predicts an increase in the total number 
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of main transmitters from 1,620 in 1987 
to 1,905 by 1992. Only the Benelux 
countries will remain static at 40 
transmitters. The number of television 
receivers is forecast (conservatively) to 
increase from a total of 136 million in 
1987 to 174 million by 1992. 
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DESIGN IDEAS 


The contents of this column are based solely on information supplied by the author 


and do not imply practical experience by Elektor Electronics, 


DESIGNING BAROMETERS FROM 
SIMPLE CIRCUITRY 


by E.A. (Babs) Barber* and Scott Weatherwax 


Two different types of low-cost, solid state barometers can be 
designed with the Sensym SCXI5ANC absolute pressure sensor. 
The first uses a 15-volt power supply and produces an analogue 
output voltage, that is proportional to the barometric pressure, 
which can be easily scaled to respresent mBar, mmHg or inHg. 

The second uses a 9-volt battery with a 3% digit LCD display 

signal output. This gives a portable, digital barometer which could 


Analogue voltage output 
example (scaled in mBar) 


To construct a barometer with an output 
valtage directly proportional to the 
barometric pressure, the circuit shown in 
Figure | is required. 

Amplifier Ai is used to supply a 10 V 
regulated voltage to the sensor. In this 
manner, the circuit becomes indepen- 
dent of variations in the 15 V power 
supply. Amplifier A2, in conjunction 
with potentiometer Rs, provides altitude 
convection (offset adjustment). The fi- 
nal two amplifiers, As and Aa, are con- 
nected as an instrumentation amplifier 
providing gain to the sensor output. The 
gain equation is given by: 


Vo/Vi = Av=2(1 + R1/R1) 


Design calculations 

The barometer is to be scaled in mBar. 
The output voltage of the circuit shown 
in Figure 1 can be scaled so that it cor- 
responds directly to a barometric 
pressure in mBar (1 psi = 68.947 mBar). 


* E.A. (Babs) Barber is with Hi-Tek Electronics. 


be used by a hiker. 


For example: 
At 1013.8 mBar (sea level) the output = 
10.138 V. 


Thus: 

At 1310.3 mBar the output = 13.103 V. 
Using this direct scale, it is seen that a 
10 mV change is equal to a 1 mBar 
pressure change, so that a 296.5 mBar 
reading will result in a 2.965 V change. 
The value of gain resistor Rr is 
calculated from the gain equation. The 
output span of the SCXISANC for 
15 psi is equal to 90 mV when operating 
from a 12 V supply. This eventually 
equates to 0.5 mV per-volt-per-psi. 

At 10 V and a change of 296.5 mBar 
(4.3 psi), the output of the sensor will 
change 21.5 mV. Because it is required 
that a 296.5 mBar pressure change gives 
an output voltage change of 2.965 V, the 
gain needed is 137.9 V/V. Using 
equation 1, and making Ri equal to 
10 kQ, the gain resistor Rr is found to 
be 147 Q. 

A fixed 137 @ resistor and a multiturn 
20 @ potentiometer are used for Rr: 
this allows for circuit tolerance and pro- 
vides accurate adjustment of the gain. 
The values of resistors Rs and Re are 
given in Table 1. 


Calibration 
Two methods can be used for calibrating 
the barometer. Both need a brief ex- 
planation of the underlying mathemati- 
cal principles before the adjustment pro- 
cedure is defined. 
At a given supply voltage, the output 
voltage of the sensor is: 
Vo = (SXP)+Vos 

Where Vo = output voltage (mV) 

S = sensor sensitivity (mV/psi) 

P = applied pressure 

Vo, = sensor offset voltage (mV) 
The sensitivity can be determined by 
using two known pressures, since this 
results in two equations and unknown 
values of Vos and S, 
At atmospheric pressure 
Var = [Sx Pam] + Vos 
If a known pressure of 2 psig is applied: 

Vo= [Sx (Pam +2 psig)] +Vos 

S does not change as a function of ap- 
plied pressure, so: 

Vo.-Vor=S x2 psig or: 

S=(Vo2—Vin)/2 volts/psi 
The offset can be calculated by: 

Vos = Vo — /SX Pam 

When the offset is known, R3 can be 
adjusted to minimize its error contri- 
bution. The remaining error is caused by 
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span which can be eliminated by ad- 
Table 1 justing Rr until the digital output dis- 
Resistor Values RS and RG for Analog Output Barometers play reads the same as the actual 


Nominal barometric pressure. 
Resistor Value 


147° 
197 9 Procedure one 
inHg 517 
inH20 375 2 
kPascal 1472 


The first procedure assumes that an ad- 
ditional pressure source is available, and 
this makes adjustment of the gain and 
offset voltage much easier. 

The barometer is turned on and left to 
warm up for about 10 minutes. The 
digital reading should be recorded at the 
end of this period. The actual 
barometric pressure must be obtained 
from a reliable source. The known sec- 
ond pressure source should be applied 
and the output recorded. Now the offset 
and span can be calculated from the two 
above-mentioned pressure points within 
the mathematical model. The span po- 
tentiometer should be adjusted to 
minimize its error contribution followed 
by offset adjustment until the digital dis- 
play output exactly matches the baro- 
metric pressure obtained. 


Ry (SPAN ADJUST) 


{OFFSET 
ADJUST) 10k 


Procedure two 

With the second procedure it is not 
necessary to have access to a source 
other than barometric pressure, 
although the adjustment will be less ac- 
curate and the source of error, either off- 
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set or span, will be unknown. 

The value of Rr is calculated, and the 
nearest value nominal fixed gain resistor 
is used without a gain potentiometer. 
Following this, offset potentiometer R; 
is adjusted to agree with the actual 
barometric pressure. 

An error of approximately 3% can be ex- 
pected without the precise span and off- 
set adjustment. If the barometer is to be 
used just for relative pressure changes, 
this will not be critical. 


mmHg barometer 


The output can easily be scaled to 
mmHg (1 psi = 51.714 mmHg) by using 
the same circuit with a recalculation of 
the value of Ri. 

For the above example, the output range 


would have been from 5,689 V 
(568.87 mmHg) to 9.826 V 
(982.59 mmHg). Thus, for 


413.73 mmHg, a change of 4.137 V is re- 
quired. When the same method used in 
the previous example is apllied, Rr is 
found to be 197.2 Q. The adjustment is 
the same for the mBar-scaled barometer. 


A portable barometer 


The schematic diagram in Figure 2 
shows a portable digital barometer with 
a 3% digit LCD display. 

Amplifier Ai supplies a regulated 5 V to 
the sensor and display driver, Accuracy 
will not be affected until the battery has 
dropped below 6.5 V. Offset adjustment 


is provided by amplifier A2 and poten- 
tiometer Rs. Amplifiers Ax: and Aa are 
connected as an instrumentation ampli- 
fier, where the full scale output is ad- 
justed by Ra. An ICL 7106 analogue-to- 
digital converter, with a built-in display- 
driver, is provided to interface the circuit 
and the 3% digit liquid crystal display. 
The same gain equation as before is 
used, where Ri=10 k@. 


Design calculations 


The output to the A-D converter will 
represent the barometric pressure in PSI, 
From the Sensym data sheet, the full 
scale output of the sensor, at 15 psia, is 
90 mV. Since the output voltage is pro- 
portional to the supply voltage when 
powered by a 12 V supply, the resulting 
full scale output, at 15 psia, will be 
37.5 mV using a 5 V supply. 

If the full scale output of the A-D con- 
verter is considered to be 166 mV, the 
resulting voltage gain required is 
4.4 W/V. Rr is calculated to be 8.26 kQ 
from the gain equation. A fixed 7.23 k 
resistor and a multiturn 2 kQ poten- 
tiometer are used for Rs and Re to 
allow for circuit tolerance and the pre- 
cise adjustment of the gain. 


Final construction technique 


When all of the values are known, the fi- 
nal construction can take place. To 
minimize noise and errors in tempera- 
ture, this should be carried out on a 
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solder board. The connections to the dis- 
play are all shown, apart from that of 
the decimal point. This can be simply 
achieved by connecting the point to a 
permanently displayed LCD segment. 
For example, with a PS] output, the 
decimal point should be connected to 
the Ibc segment of the most significant 
digit, as this is always powered under 
normal barometric conditions, 


Adjustment procedure 


The adjustment procedure is exactly the 
same as the first procedure used in the 
analogue voltage output model where an 
additional pressure source is available. 
To null both the span and offset error, a 
two point calibration procedure is 
suggested. If the second pressure source 
is not available, the use of a fixed value 
for resistor Rr will give a fairly accurate 
result. 


Conclusion 


This article has highlighted two types of 
barometer that can be constructed from 
the Sensym SCXISANC and amplifier 
circuitry, but many more types can be 
built. 

The direct-voltage-read-out barometer is 
a good laboratory instrument, whereas 
the portable version is, of course, in- 
tended for use out of doors, Both ver- 
sions may be built from cost-effective 
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Distributing TV by millimeter 
Wave Radio 

British Telecom’s Research Laboratories 
have successfully demonstrated the use 
of short-range millimetre-wave radio for 
delivering programmes into viewers’ 
homes. 

If the system were licenced by the 
Government, it could prove a quick and 
economic supplement to broadband 
cable networks. It could bring multi- 
channel TV to millions of homes that 
are unlikely to be cabled before 2000. 
The system uses a frequency of about 
30 GHz to beam four satellite TV pro- 
grammes plus the four broadcast ser- 
vices to a number of homes in a town fit- 
ted with special antennas capable of re- 
ceiving the transmissions. Commercial 
systems would be capable of carrying be- 
tween 15 and 25 channels. 

British Telecom’s system is made econ- 
omically possible by the use of gallium- 
arsenide ICs. These microchips allow the 
receiving equipment to be built at a cost 
many people could afford. 

Martlesham already has an established 


worldwide reputation for the fabrication 
of optoelectronic components from 
gallium-arsenide and is now pioneering 
the design and fabrication of circuits 
operating in the more challenging milli- 
metre-wave bands. 
They have produced Monolithic Milli- 
metre-Wave ICs (MMWICs) on a single 
semiconductor wafer, which in pro- 
duction can contain hundreds of in- 
dividual microcircuits. They have also 
harnessed the properties of high dielec- 
tric constant ceramic resonators to 
achieve cost-effective stabilization of the 
millimetre-wave oscillators. 

Martlesham research workers estimate 

that, with the economies of large-scale 

production, receivers would be produced 
for about a few hundred pounds. These 
receivers use a dish only 15 ¢m in 
diameter, much smaller and more en- 

vironmentally acceptable than the 30- 

100 cm dishes needed to receive TV pro- 

grammes direct from satellites. They are 

capable of receiving a mix of pro- 
grammes drawn from: 

e TV receive-only or direct broad- 
casting satellites at several orbiting 
positions; 

e off-air UHF broadcast channels; 

e cable TV programmes; 

® taped programmes injected at the 


components that guarantee reliable 
results. 

head end; 

e high definition or — extended- 


definition TV when available; 
e local interest and community pro- 
grammes. 
In addition, the system may be easily 
configured for either PAL or MAC for- 
mats. Also, it would allow different sat- 
ellite programmes to be viewed on differ- 
ent sets. 


GEC National One in UK field 
trials 


The availability of mobile radios suitable 
for the new GEC National One Network 
has resulted in important field trials by 
BBC Transmission and Atlasair Parcels 
Service Ltd. 

The BBC is to subject a number of Mar- 
coni RC6309 radios to full field trials by 
transmitter maintenance teams in the 
West Midlands. 

Network One already offers  inter- 
connecting communications from 
Cheltenham to Dover and from Liver- 
pool to Southampton. The greater part 
of the United Kingdom will be covered 
by the end of this year. 


January 1989 


A LOW-COST DEVELOPMENT 
SYSTEM FOR M6805 
MICROPROCESSORS 


by Peter Topping 


Development systems for single-chip MCUs can be complex and 
expensive, dissuading potential users of this type of microproces- 
sor from designing them into new applications. This article 
describes a low-cost ‘entry’ development system for debugging 
hardware and software for Motorola’s M6805 range of 


The M6805 range includes both CMOS 
and NMOS parts, all but one of which 
are single-chip devices which include 
mask-programmable ROM, RAM, I/O 
and a timer function. The exception is 
the CMOS MC146805E2, which has no 
on-chip ROM but has a multiplexed 
data/address bus that enables it to use 
external memories and peripherals. 
The development system described uses 
the MC146805E2 processor, and can be 
used to develop applications intended 
for the MC146805G2, MC146805F2, or 
the E2 itself. [It can also be used for ap- 
plications intended for NMOS variants 
such as the MC6805P, U and R families, 
or the more recent CMOS devices such 
as the MC68HCO05C4 and _ the 
MC68HCO0SB4/6, but does not emulate 
all the features of these devices, since 
without the addition of external chips, 
there is no A-D (R&B families) or 
SCI/SPI (HCOSs). 

There is an EPROM or EEPROM ver- 
sion of most M6805 devices. These ver- 
sions allow prototyping or limited 
volume production without the need for 
mask programming. They can be used to 
check the operation of the software in 
the final application PCB without the 
additional hardware required for an 
emulator. 

An example of software and hardware 
developed with the system can be found 
in Ref. 1. 


Introducing the MC146805E2 


The MC14680S5E2 has a multiplexed bus 
which requires an address latch to inter- 
face with non-multiplexed RAMs, 
ROMs, and EPROMs. Even with this 
type of bus it only has sufficient pins to 
provide two I/O © ports. The 
MC146805G2 includes a further two 
ports. With an MC146805E2, these can 
be supplied by a PIA such as the 
MC146823. Alternatively, the latch, ad- 
ditional ports and the address decoding 


microprocessors. 


M6805 DBUG05 Development 
System 


e Inspection/modification of RAM 
locations. 

e Inspection/modification of all 
registers. 

e Up to three breakpoints. 

e Tracing (through RAM or 
EPROM). 

@ Relative offset calculation. 

e Program save/load using cassette 
tape. 

e@ Real-time clock routines. 

e@ 24-key keyboard and 6-digit dis- 
play (which can be used from user 
software). 

e Example software shows how to 
debug programs introduced on 
EPROMs as an alternative to using 
the cassette interface. 

e All-CMOS (battery operation). 


logic can all be provided by an 
MC68HC25. 

The MC146805E2 can thus be used with 
an MC68HC25S to build a system of only 
three chips (E2, HC25 and EPROM). 
Such a system would be most cost- 
effective in small volume applications 
not justifying a mask-programmed 
single-chip MCU. For software develop- 
ment, however, RAM and a monitor sys- 
tem have to be incorporated so that 
memory locations can be examined and 
changed. The 6116 2 Kbyte static RAM 
is used here, while the DBUGOS 
EPROM fulfills the monitor require- 
ment. 


Circuit description 

The circuit diagram of the development 
system is given in Fig. 1. The 6116 
2 Kbyte RAM is placed between $0000 
and $0O7FF. This means that the 
128 bytes from $0000 to $007F are not 
used, as they are mapped over the 


E2’s [/O and RAM space. This mapping 
was chosen to fully utilize the address 
space in which the direct addressing 
mode of the MC146805E2 can be used. 
It has the disadvantage, however, that 
there is a conflict at addresses $0002, 
$0003, $0006 and $0007 where the 
MC68HC25 adds ports C and D (ports 
3 and 4 in the MC68C25). This can be 
resolved by decoding out the bottom 
half of page zero in the RAM chip- 
select/output-enable logic as shown in 
the circuit diagram, The 74HC32 in con- 
junction with the 74HCO0O inverts the 
data strobe supplied by the E2, disabling 
the RAM when the address is in the 
range $00 to $7F. 

RAM in the top half of page zero pro- 
vides enough directly accessible memory 
to emulate the MC146805G2 (112 bytes). 
This is not the case without adding 
RAM, as DBUGOS uses 41 bytes of the 
E2’s RAM (also 112 bytes). The 6116 
RAM extends up to $07FF; the space be- 
tween $0080 to $00EF is used to emulate 
the G2 RAM, and from $0100 to $07FF 
for the software under development. The 
second block of RAM will not be re- 
quired when the software has been 
debugged, and therefore does not con- 
flict with the recommendation that the 
space between $0100 and $O6FF should 
not be used with the MC68HC25. 
MC74HCO00s_ provide the address 
decoding and the R/W and output en- 
able signals for the RAM, the low-order 
addresses being demultiplexed by AS 
using the MC68HC25. 

A 27C16 2 Kbyte EPROM is selected by 
CS2 from the MC68HC25_ between 
$0800 and $OFFF, and can be used to in- 
troduce software which has been entered 
and cross-assembled on a PC, or 
manually by an EPROM programmer. 
The address range between $1000 and 
$I7FF is not used except for the (op- 
tional) MC146818 real-time clock (RTC), 
which is required to be at $1700 if the 
DBUGOS RTC routines are to be used. 
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Fig. 1. Circuit diagram of the MC146805E2-based M6805 development system. The parts outside the dashed lines are required for DBUGO5, 
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An MC74HC138 can be used to decode 
the RTC at $1700. Alternatively, if 
nothing else is required between $1000 
and $17FF, a 74HCO00 can be used to sel- 
ect an address range of $1000 to $17FF, 
as the RTC chip will still appear at 
$1700, 
The DBUGOS monitor EPROM uses the 
memory range from $1800 to $IFFF, and 
can be selected by the MC68HC25’s CSI 
chip select line. Figure 4 shows a mem- 
ory map of the development system. The 
DBUGOS EPROM, like the user soft- 
ware EPROM, is shown as a 27C16, but 
could also be a 27C64 (or a 2716 or 2764 
if the low-power capability is not re- 
quired). 
The monitor display is a 6-digit, 4- 
backplane LCD (e.g. Hamlin Type 4200, 
or the 8-digit GE Type 
LXD69D3F09KG) which is driven by an 
MC145000 display driver. The driver is 
controlled by a 2-line serial link from the 
microprocessor, A static LC display 
shown in Fig. 2 can be used as an 
alternative. Three MC144115 driver chips 
are used, along with a transistor invertor 
to supply the additional latch enable 
signal required by these drivers. This cir- 
cuit requires many more connections to 
the LCD, but allows the use of a com- 
monly available display. 
The MC68HC25 has a RESET IN pin 
intended as a sysiem reset, and a RESET 
OUT pin to reset the processor. For this 
to work, aclock is required, As the clock 
is supplied by the MC146805E2, a low at 
RESET IN will not wake the E2 from a 
STOP instruction, so a diode has been 
added between RESET IN and RESET 
OUT to ensure that a low on RESET IN 
always forces a low at RESET OUT. 
The DBUGOS5 monitor includes routines 
to transfer 6805 code to and from a 
cassette tape. When the PUNCH (P) key 
is used to record a program, the output 
is taken from PA6 as shown in Fig. 1, 
When the L key is used to load a 
previously saved program, the output 
from the cassette should be applied to 
the interrupt pin of the MC14680SE2. 
This signal should be between 2 and 
5 Vpp, and be AC-coupled to the micro- 
processor. When this is being done, it is 
advisable to disconnect all other compo- 
nents from the [RQ pin. 


MC68HC25 


The MC68HC25 has many modes of op- 
eration allowing it to work with the 
MC6801 and MC68HCI11 as well as with 
the E2. It can also operate with different 
sizes of memory map. Mode selection 
for the MC68HC25 is effected with the 
aid of data at address location $IFBF. 
The byte used here is $F4. Table 1 shows 
the options available, where ‘X’ in- 
dicates those used. The byte is read after 
RESET goes high, but before the HC25 
RESET OUT goes high to start the pro- 
cessor. 


6-Di 


tin na 


SEGMENT OUTPUTS 


jebsen is 


git Static L.C.D. 


SEGMENT OUTPUTS SEGMENT OUTPUTS 


iG TAtiGE erate 


ae ER 
2] 


Fig. 2. Circuit diagram of the alternative, static, LC display. 


If additional ports are not required, a 
74HC373 octal latch can be used instead 
of a MC68HC25, to de-multiplex the 
low-order addresses. In this case, the 
EPROM select logic can be provided by 
a 74HCOO. A circuit employing a 
74HC373, strobed by the AS signal from 
the MC1I46805E2, and a 74HCOO for 
chip select, is shown in Fig. 3. Note that 
the use of this simple unstrobed chip sel- 
ect circuit requires that the EPROM out- 
put enables (pin 20) are strobed by the 
inverted data strobe from the 
MC146805E2. If the MC68HC235 is not 
used, the 74HC32 can be omitted (pin 13 
of the 74HCO00 should be connected to 
pin 12), as can be the mode byte at 
$SIFBF. 

If the EPROMs used are of the CMOS 
type, the whole system is in CMOS, and 
consumes only a few milliwatts when ac- 
tive, and a few microwatts in stand-by 
(with the E2 in STOP mode). In order to 
achieve this low stand-by dissipation, the 


Table L. MC68HC25 Mode Selection 


The mode selection byte contains the following 
bits: 


Bit) Function Options 


CS2 address size 1,1: 2 Kbytes x 
1,0; 4 Kbytes 
O,1: 8 Kbytes 

nm 0,0: 16 Kbytes 

CSI address size 1,1: 2 Kbytes x 

1,0: 4 Kbytes 

0.1: 8 Kbytes 

Of 


3. CSI zone shift 1; shifted 


O: not shifted 


CMOS/TTL 


1: CMOS 
0: TTL 


Memory map size 1: 64 Kbytes 
: & Kbytes 


Port displace : displaced 


: not displaced X 


multiplexed databus, timer pin and other 
uncommitted high-impedance _ lines 
should be grounded via 100 kQ resistors. 
In DBUGOS, port A has 4 input lines 
grounded through 10 k@ resistors, and 4 
output lines. Port B, however, is not con- 
figured, so all eight bits are inputs, and 
will increase stand-by dissipation unless 
held low (or high), or assigned as output 
in software. This also applies to ports C 
and D on the MC68HC25. If the final 
code is to be used without DBUGO5, it 
should also configure port A’s I/O lines. 


System monitor DBUGO5 


The DBUGOS EPROM comprises a 
monitor specifically written to enter and 
debug 6805 code. Input is via a 24-key 
keyboard. The functions available are 
listed in Table 2. 


The MC146805E2’s vectors are within 
the address space of the DBUGOS 
EPROM. They operate via extended 
jumps in RAM. This gives the user ac- 
cess to the vectors if these jumps are 
written to from within the 
user’s program. The interrupt jumps are 
at $40 for IRQ, $43 for timer, and $46 
for timer (wait). An example of how 
these are used is shown on lines 17 to 20 
in Fig. 5. Clearly, the RESET vector can 
not be altered in this way, so during 
debugging, user software should be 
started using the GO facility in 
DBUGOS. 


Example software 


The example software listed in Fig. 5 has 
been assembled to reside in RAM start- 
ing at address $0100, but is introduced 
into the system in the EPROM at $0800. 
The code includes a routine to move 
itself into RAM where it can be executed 
and debugged using DBUGOS. This pro- 
vides an alternative to the cassette 
routine in DBUG05 intended for loading 
software to be debugged. 


Table 2, DBUGOS functions. 


Function Key 


Description of function 
Pe 0 Display program coun- 
ter, 

Enable breakpoints, 
Breakpoint one is 
displayed if enabled, or 
text ‘boff’ if it is not. 
Enter new breakpoint 
address followed by 
ENTER to change or 
enable and move to next 
one. Three breakpoints 
are available. 

Clear breakpoints. 
ENTER clears all break- 
points. Entering a num- 
ber followed by ENTER 
clears that breakpoint 
only, 

Display time from (op- 
tional) MC146818. 

Set ime on the (op- 
tional) MC146818 (P for 
PM, AM is default). 
Calculate branch offset. 
The address of the 
branch instruction, and 
that of the destination, 
are requested. If a valid 
branch is calculated, it is 
written into memory, 
and displayed, [f not 
valid, then text ‘or’ (for 
out of range) is 
displayed. A branch of 
—128 through +127 
relative to the start ad- 
dress of the next instruc- 
Uon is allowed 


BP 5 


BCL 6 


ST 9 


OFF A 


To achieve low dissipation in STOP 
mode, it is desirable to execute the STOP 
instruction in EPROM. This is achieved 
during debugging by the extended JMP 
on line 22. Alternatively, there is a STOP 
instruction followed by a branch back to 
this instruction at address $1FF3 in 
DBUGOS. This is intended for use by a 
program in RAM, as the execution of a 
STOP instruction in RAM will not result 
in low dissipation (the RAM will be left 
selected when the microprocessor goes 
into STOP mode), 

If the debugged software is required to 
tun in EPROM without the DBUGOS 
EPROM, then the code should be re- 
assembled at $1800, and the MC68HC25 
mode byte and the reset and interrupt 
vectors added. 

In the example software, lines 10-11, 17- 
20, 22 and 51-56 should be deleted as 
they are only relevant when the program 
isin RAM. The ORG statements on lines 
6 and 9 should be changed from $0080 to 
$0010, and from $0100 to $1800. The 
EPROM should be decoded at $1800 in- 
stead of $0800 (CSI from the 


MC68HC25), and the DBUG05 monitor 
EPROM removed. If the target system 
uses only two ports — and can thus use 
a 74HC373 rather than an MC68HC25 
— it may be necessary to change the 
port allocation to make port A available. 


Function Key Description of function 


TR B 
STOP es 


Trace one instruction. 
Put the E2 into STOP 
mode. Clock stops, dis- 
play clears. 
Display/change Con- 
dition Code register. 
New data is followed by 
ENTER. ESC returns to 
‘T 1" prompt without 
changing contents. 
Display/change Index 
register, New data is 
folllowed by ENTER. 
ESC returns to ‘!]’ 
prompt without chang- 
ing contents. 
Display/change Ac- 
cumulator, New data is 
followed by ENTER. 
ESC returns to ‘LJ’ 
prompt without chang- 
ing contents, 

Record tape. On pressing 
P, text ‘ba’ (for begin 
address) is displayed. 
Enter first address (fol- 
lowed by ENTER), then 
last address when text 
‘ea’ is displayed. A sec- 
ond ENTER starts the 
recording. 

Load tape. Press L, then 
play tape. Valid load dis- 
plays ‘L_’*, bad memory 
displays address. 
Checksum error displays 
‘err’. 


cc D 


XR E 


AR F 


Clearly, the use of port A can not be 
debugged, but as long as the DDRs and 
the hardware are also changed this 
should not be a problem. 

In the example software, the reset vector 
(SIFFE) should point to START (line 
14), and the external interrupt vector 


(SIFFA) to IRQ (line 12). The 
MC68HC25 mode byte ($F 4) should be 
added at address $IFBF. 

If the E2’s 112 bytes of RAM are suf- 
ficient for the relevant application, the 
6116 RAM can also be removed. Care 
should be taken to leave enough RAM 
for the stack, which starts at $7F. Two 
bytes are used for each level of 
subroutine, and five bytes for cach level 
of interrupt. The simple example 
program shown uses 7 bytes (one inter- 
Tupt and one level of subroutine). More 
complicated programs will use more (up 
to a maximum of 64 bytes), but it would 
be unusual to use more than 20 bytes. 
This would leave 92 bytes of RAM 
available for other uses. During debugg- 
ing, the stack is in the E2 at $7F, and 
128 bytes of RAM in the 6116 ($80 to 
$FF) were available for data storage. 
The monitor uses the timer and its vector 
for breakpoints and tracing, so if the 
timer is used in the application, these 
facilities can not be used. The timer 
WAIT vector is not used, and an appli- 
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Function Key Description of function 


Vv V Verify tape. If OK, 
prompt ‘. |’ is displayed, 
otherwise incorrect ad- 
dress, or ‘err’ for a 
checksum error. 

Enter keyed-in address 
or data (and move to 
next address in ‘M’, 
Escape from current 
function, except STOP, 
V, L and P 

Begin or continue 
program. When pressed, 
curent PC is displayed, 
To proveed from that lo- 
cation, press ENTER. To 
proceed from a different 
address, enter the ad- 
dress followed by 
ENTER. 

Display/change a lo- 
cation in RAM. When 
pressed, last address is 
displayed. Press ENTER 
to display the contents 
of the address, or enter 
a new address followed 
by ENTER. New con- 
tents can be entered if 
required. ENTER moves 
to next address, M 
moves Lo previous ad- 
dress, 

Display stack pointer. 


ENTER ENTER 


ESC ESC 


GO GO 


M M 


SP SP 


calion using it can make use of all the 
monitor’s features except when the timer 
is actually running. In practice, this is 
not a major restriction if the timer part 
of the application is debugged after the 
rest of the software is working, 


Example hardware 


The previously discussed software was 
developed for use with the MC145157- 
based radio synthesizer described in Ref, 
1. The divide ratio is entered into lo- 
cations SMEM and SMEM +1, and is 
transferred to the synthesizer chip when 
the microprocessor is interrupted. This 
method allows the MC146805E2 to be in 
STOP mode when it is not actually sen- 
ding a frequency. This arrangement 
eliminates any risk of RFI in the receiver. 
In the simple example shown, the divide 
ratio has to be manually converted and 
entered into RAM. In the complete con- 
trol program for the synthesizer (sce Ref. 
1), this would of course be done auto- 
matically when the required frequency 
was entered into a keyboard. After, say, 
1265 (kHz) is converted to hexadecimal 
($04F1), the bits must be moved left by 
one place to allow for a control bit to be 
sent to the MC145157 after the fre- 
quency. This control bit determines 
whether the ratio is intended for the ref- 


EE 
January 1989 


MC 
146805 
E2 


Fig. 3. This simple latch circuit provides an alternative to the MC68HC25 in applications 


MUX. BUS 


EPROM 1 
(§1800) 


EPROM 2 
(§0800) 


) 


|z 74HC373 


GY —__ 
LL LLLAAA2AZAZAADZ2AAAQ0ORBKZzzzzqqQr.... 


gaa 


ADDRESS BUS 


(A0...A7) 


eS 
DATA BUS 
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where additional ports are not required. 


Basic synthesizer circuit that works in conjunction with the program listed in Fig. 5. 


890004 - 14 


TUNING 
VOLTAGE 


Port A data 


Port 5 data 


Port C data direction 


Port D data direction 


Port A data direction 


Port B data direction 


Port C data 


Port D data 


Timer data register 


Timer control register 


not used 


MC146805E2 RAM 
{inc. STACK at $7F) 


MCM65116 data RAM 


6116 program RAM 


Program EPROM (CS52N) 


it ional 
melaeeis SeP81900) 


DBUGOS EPROM (CS1N) 


890004-15 


Fig. 4. Memory map of the system monitor, 
DBUGO5. 


erence divider or the LO (local oscil- 
lator) divider, A zero is required for the 
LO divider, so SMEM and SMEM+1 
contain the hexadecimal number $09E2 
for a LO frequency of 1265 kHz. 

The fixed reference divide ratio of 10,000 
can be seen in the software listing on 
lines 26 and 28. The number $214E is the 
hexadecimal equivalent of 10,000, again 
moved left by one bit, but this time the 
control bit is a logic one. 


To maximize the usefulness of the devel- 
opment system, a home computer 
capable of assembling 6805 code, and 
programming EPROMs, should be 
available. Motorola’s ASS assembler for 
IBM PCs and compatibles is available 
for this purpose. This program, and the 
listing of DBUGOS, can be obtained free 
from Elektor Electronics by sending a 
formatted 5% inch, 360 kByte, diskette, 
and a self-addressed, stamped return 
envelope, to our Brentford office. 
Overseas readers please include 3 [RCs 
to cover the return postage. 


References: 

1. Microprocessor-controlled radio syn- 
thesizer. Elektor Electronics Ju- 
ly/August and September 1988. 

2. Motorola application note AN823A, 
‘CBUGOS5 Monitor for the 
MC146805E2’. 
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Data RAM 
MC145157 freq.(e.g. 810kC=E2,09) 


Program RAM 

start at $800 to load into RAM 
start at $103 to run in RAM 
interrupt starts here 


setup bits 0 - 3 

as outputs 

and clear 

DBUGOS 

interrupt 

vector 

extended jump 

execute STOP in EPROM 
RTI returns here 


10 MHz/10,000 = 1 kHz 
send reference MSB 


and LSB 
latch 


it 
local osc. MSB 
and LSB 


latch 


it 
go back into standby (STOP) 


move 1 bit into “C" 


any more? 


move 
program 

Be ram 
PROM ($800) 
to RAM ($100) 
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Fig. 5. Synthesizer example software developed on DBUGOS. 


Events 


IEE Meetings 

5 Jan. Radio propagation in bad weather. 
9 Jan, ASIC design on silicon. 

10 Jan. Digital audio broadcast systems. 

12 Jan. Whither computer-based training? 
16 Jan. The changing face of telecommuni- 
cations transmission. 

Pan-European managed networks. 
The effects and implementation of 
changes in electrical units. 
Advances in the direct measurement 
of antenna radiation characteristics 
in indoor environments. 

Computer vision for robots. 

26 Jan, The UK direct broadcast satellite. 
27 Jan. User interfaces and standardization. 
Details on these, and many other, events may 
be obtained from The Secretary e IEE e 
Savoy Place e LONDON WC2R OBL e Tel. 
01-240 1871. 


18 Jan. 
20 Jan. 


23 Jan. 


24 Jan. 


Frost & Sullivan Seminars 


9-10 Jan. Voice network design and op- 
timization. 

11-13 Jan. The OSI reference model and 

network architecture. 

X25 and packet switching net- 

works. 

Achieving high levels of comput- 

ing. 

IBM's systems network architec- 

ture. 

23-25 Jan. Advanced data communications. 

25-27 Jan. Data base structure and access. 

Further information from Frost & Sullivan 

e Sullivan House e 4 Grosvenor Gardens 


16-18 Jan. 
16-18 Jan. 


23-25 Jan. 


e LONDON SWIW ODH e “Tel. 
01-730 3438 
17-19 Jan. First International Exhibition 


and Conference on Open Systems 
Interconnection at the Karlsruhe 
Messe. 

Details from Messe & Kongreh} GmbH ¢ 


Rotebihlstrahe 83. e D-7000 STUTTGART 
1 oe West Germany e Tel. +49711 
61 80 75. 


A large number of courses on Communi- 
cation & Networks, Software & Systems 
Engineering, Managers in Technical Environ- 
ments, and others are run in the United 
Kingdom, France and Sweden by ICS 
Publishing Co. Lid ¢ Trafalgar House @ 
Hammersmith International Centre « LON- 
DON W6 8DN e Tel. 01-748 6667. 
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A satin of cuijunte & for the Lida navertenoed cotistedatan: 


: INTERMEDIATE PROJECT ce 


‘Aihough each artcie main 


¢ describe in detail the operation, use, construction and, where relevant, the underlying ; 


theory of the project, 


, constructors 
“understanding and knowledge of electronic 


will be Panett ai inexpensive and commonly 


will, none the less, require an elementary | 
enainentest: | Each project in the series. 
available ‘somponents. aera 


1. Low-budget capacitance meter 


We kick off the series with an add-on unit that turns your 
analogue or digital multimeter into a capacitance meter with a 


From a point of view of measuring tech- 
niques, capacitors are strange compo- 
nents. An ohmmeter, for instance, can 
only be used for determining whether or 
not a small capacitor (that is, one having 
a relatively low capacitance) forms a 
complete short-circuit or not — no indi- 


range of 1 pF to 20 uF. 


cation whatsoever is available on the 
actual value of the capacitor under test 
(indeed, you may just as well be holding 
two terminals with no dielectric material 
in between!). The only, very limited, use 
of the ohmmeter with capacitors is 
found with relatively large (electrolytic) 


types, whose charge and discharge 
behaviour gives at least a good/faulty in- 
dication. Moreover, mechanical defects 
in electrolytic capacitors are usually im- 
mediately apparent at the outside of the 
device. Determining the value with an 
ohmmeter, however, is sheer guesswork. 


The only useful test for most types of ca- 
pacitor is simply to check its capacitance 
against the value printed on it. A 
good/faulty check is not then not re- 
quired. Unfortunately. the value is often 
difficult to deduce from what is printed 
on the capacitor. What is the meaning 
behind those coloured bars on the ca- 
pacitor? What do indications such as 
nl2 or 104 mean? 

To prevent an incorrect capacitor being 
fitted in a circuit under construction, it 
is essential that its value is measured 
with some accuracy. This can be done 
with the capacitance meter described 
here, whose read-out function is pro- 
vided by a_ digital or analogue 
multimeter. The capacitance meter is, 
therefore, an add-on measuring exten- 
sion for the multimeter you very likely 
already possess. 

The overall cost of the capacitance meter 
is low compared with commercially 
available instruments. Yet, its wide range 
and accuracy make it a good choice for 
the not so affluent constructor. 


Capacitance-to-voltage 
conversion 


The operating principle of the 
capacitance meter is the conversion of 
capacitance (C) to voltage (V). This 
function is carried out mainly by 
MMV: (MMV=monostable — multi- 
vibrator) shown in the circuit diagram of 
Fig. 1. MMY: is triggered by the 
positive pulse edges of a rectangular 


voltage supplied by the oscillator set up 
around N: and N2. Output Q of MMVi 
goes logic high following each trigger 
pulse, and remains high for a period de- 
termined by the value of Cx, and the 
total resistance between pin 2 of MMV: 
(R/C input) and the positive supply 
voltage. 

Since MMV: is continuously triggered 
by the oscillator, output Q carries a rec- 
tangular voltage whose duty factor, in a 
particular range set by Sia, is deter- 
mined by the value of Cx. Connected to 
Q of MMV, an analogue voltmeter will 
try to follow the instantaneous ampli- 
tude of the rectangular voltage. Due to 
inertia of the moving coil meter, how- 
ever, an average value read-out is ob- 
tained. 

The above principle of operation may be 
illustrated with an example involving 
practical numbers. Assuming that 
MMV: output Q is logic high (i.e., at 
+5 V) during 20% of the pulse period 
time (duty factor 0.2), an analogue 
voltmeter will indicate 0.2x5 V=1 V. 
Doubling the value of Cx results in a 
doubled duty factor (0.4), so that the 
meter will indicate 2 V. A capacitance 
meter with a range to 500 pF may be ob- 
tained by arranging a suitable clock fre- 
quency for MMVi, and dimensioning 
the resistance in series with Cx such that 
100 pF results in an average output 
voltage of 1 V. The choice of the clock 
frequency will be reverted to. 


Pitfalls 


A look at the practical circuit diagram of 
the capacitance meter shows that there is 
more to the above principle of oper- 
ation. This is caused mainly by the 
MMV’s internal capacitance, between 
pin R/C and ground, of about 25 pF, 
which gives rise to too high readings. 
The 25 pF capacitor is always there, and 
should be taken into account when a 
small value of Cx is measured. Obvious- 
ly, this offset is particularly troublesome 
in the lowest capacitance range. For- 
tunately, a small addition to the MMV 
circuit, in the form of MMV: and Ns, 
solves this problem quite elegantly. 

As can be seen in the circuit diagram, 
MMV: is also triggered by the oscil- 
lator, and generates a pulse-train simul- 
taneously with MMV. Since MMV:z has 
no external capacitor, its monotime is 
determined by its internal capacitance 
and the value of series-connected 
resistors R3-Pi. The signal at output Q 
(=inverted Q signal) of MMV2 is sub- 
tracted from that at output Q of MMV; 
with the aid of a NAND gate, Ns3. As il- 
lustrated in the combined timing 
diagram of Fig. 2, the result is pulse- 
width reduction of the output signal, or, 
in other words, a 25 pF offset compen- 
sation. The upper line in Fig, 2 shows 
the oscillator signal applied to both 
MMVs. As a result of these trigger 
pulses, output Q of MMV remains 


N1...N4=1C1= 4011 
MMV1,MMV2 = IC2 = 4538 
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Fig. 1. Circuit diagram of the low-budget capacitance meter. 


high for a duration determined by the 
value of Cx and the internal 
capacitance. The Q output of MMV2, 
however, is low for a duration deter- 
mined by the internal capacitance. The 
output of a 2-input NAND (=not AND) 
gate goes low only when the input 
signals are logic high simultaneously. In 
the present circuit, this means that the 
output of N3 is low _only when 
Q(MMVi)=1 AND Q(MMV>2)=1 
(boolean equation with the fourth 
timing diagram in Fig. 2). The pulse- 
width of the signal supplied by N3 is the 


BB6121-12 


Fig. 2. Timing diagram of the circuit. 


difference between the input signals ap- 
plied — in other words, the internal 
capacitance of MMV: (25 pF) has been 
compensated. 


Oscillator and range selection 


A digital clock oscillator is set up around 
gates Ni-N2; positive feedback is pro- 
vided by C2 (range L) or Ci+ C2 (ranges 
M and H). The frequency of oscillation 
is determined by the selected capacitance 
and the value of Ri. 

Range selection in the oscillator is vital 
because the Type 4538 dual MMV needs 
a minimum resistance in the R-C timing 
network of 5 k2. Assuming a preset 
value of 2.5 M@ for the | nF range of 
the capacitance meter, it follows that a 
250 k@ preset would be appropriate for 
the 100 nF range, and a 250 Q preset for 
the 10 uF range. The latter resistance 
value is below the minimum specifi- 
cation for the 4538. For relatively large 
values of Cx, this means that the oscil- 
lator frequency has to be lowered to pre- 
vent the signal at output Q of MMV 
becoming longer than the trigger signal. 
This can be explained with reference to 
Fig. 2. Since MMV) is triggered on the 
rising edge of the oscillator signal, the 
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maximum length of its output signal, Q, 
equals that of one period of the clock 
signal (when this is the case, the average 
output voltage is simply maximum at 
5 V). By considerably increasing the 
period of the oscillator signal (ie., 
lowering the oscillator frequency by 
range switching), the point where the os- 
cillator signal ‘overtakes’ the Q signal is 
reached much later, so that a larger value 
of Cy can be connected with a virtually 
unchanged series resistance. 
Summarizing the above, lowering of the 
oscillator frequency obviates to a large 
extent changing the resistance in series 
with the capacitor. 


Meter drive circuit 


Analogue (moving-coil) multimeters 
generally have a lower input impedance 
than digital ones. The capacitance meter 
module is equally suitable for both types 
of instrument. The output pulses of Na 
are buffered in analogue meter driver 
N.-T2. The inverting function of NAND 
N:z is counteracted by the meters being 
connected to the positive supply line of 
the capacitance meter circuit. Shunt 
capacitors Cs and Cy are connected 
across the meters to ensure that the 
average voltage is built up even at the low 
pulse frequency of about 10 Hz (Si set 
to position H or M). 

In contrast to digital miultimeters, 
analogue meters do not have a standar- 
dized input impedance, making it 
necessary to use different principles for 
driving each type. To make the drive cir- 
cuit virtually independent of meter input 
resistance, the analogue meter is current- 
driven, while the digital meter is voltage- 
driven, In general, the series resistance 
of an ammeter is low relative to the value 
of R. In practice, R7 is dimensioned 
such that the multimeter can be set to 
the 10 mA range. For the capacitance 
meter, this means that the first range is 
10 pF to J nF, the second 1 nF to 100 nF, 
and the third 100nF to 10 uF. 


Ef =0 i ® ix. 
[RIE 


Fig. 3. Showing how the components are mounted on universal prototyping board size-1 


(UPB-s1). 


Capacitors between | pF and 10 pF can 
be measured with the multimeter set to 
the 1 mA range, and capacitors greater 
than 10 uF with the meter set to the 
100 mA range (the maximum output 
current of the capacitance meter is 
20 mA). 

The digital meter is voltage-driven, 
taking the commonly used _ ranges 
200 mV, 2 V, 20 V, etc. into account. 
Potential divider Rs-Rs is dimensioned 
such that the average voltage supplied by 
Nz is just higher than 2 V (remember 
that the maximum voltage difference be- 
tween pin 10 of ICs and the positive 
supply line is 5 V). The digital 
multimeter is conveniently set to the 2 V 
range, so that its overflow indication is 
meaningful for the capacitance meter 
also. The available ranges of the 
capacitance meter are 10 pF to 2 nF (L), 
1 nF to 200 nF (M), and 100 nF to 20 uF 
(H). As with the analogue meter, 
capacitors smaller than 10 pF can be 
measured in the next lower multimeter 
range of 200 mV (this is done automati- 


Capacitance Range 


Digital! 


2.2 pF 
12 pF 
100 pF 
220 pF 
1 nF 
3.3 nF 
27 nF 
100 nF 
150 nF 
3.3 uF 
20 pF 


2.2 mV 0.022 mA 
12 mV 0.12 mA 
100 mV 1mA 
220 mV 2.2 mA 
1V 10 mA 
33 mV 0.33 mA 
270 mV 2.7 mA 
ite 10 mA 

15 mV 0.15 mA 
0.33 V 3.3 mA 


2Vv 20 mA 


| Resistors (+ 5%) 
RajRas 100K = ie ‘4 . 
edut 7 64a6; , 

As = 120K 

| Re= 10K © ei 

Tet) SEIT T AEE < 
P4;P2=2M6 preset for horizontal mounting. 
P3=1MO0 preset for horizontal mounting 
P4 = 25K preset for horizontal mounting 


cally by an 
multimeter). 
The examples listed in Table 1 help to 
avoid misinterpretation of the measured 
capacitor value because of the position 
of the decimimal point. 


auto-ranging digital 


Power supply 


The final accuracy of the capacitance 
meter is determined to a large extent by 
the stability of the supply voltage. The 
requirements posed in this respect by the 
clock oscillator do not permit the use of 
a mains adaptor or battery. The supply 
voltage for the circuit is, therefore, pro- 
vided by a three-terminal fixed voltage 
regulator Type 7805 (ICs). In spite of 
the low current consumption of the cir- 


Populated printed circuit board. 


cuit, the use of an 78L05 is not rec- 
ommended because its output load regu- 
lation is inadequate for this application. 


Construction 


The capacitance meter add-on unit is 
built on universal prototyping board 
‘size 1° (UPB-sl). This 40100 mm 
board, which is the smallest in a series of 
three, is available ready-made through 
Elektor Electronics’ Readers Services. 
Hole spacing is standardized at 0.1 in 
(2.54 mm), so that virtually any compo- 
nent that will be used in this series of ar- 
ticles, and, of course, in designs and ex- 
periments of your own, can be fitted 
without problems. The board is re- 
usable provided the components are re- 
moved with care with the aid of 
desoldering braid. 


The suggested component mounting 
plan of the capacitance meter is shown 
in Fig. 3. The board is fairly densely 
populated, and you are, therefore, well 
advised to fit the wire links first (use in- 


sulated wire), Note that there are a num- 
ber of very short links connecting adjac- 
ent holes — these links may, of course, 
be made from bare wire. Use soldering 
terminals for the connections to the 
meter, the capacitor under test and the 
battery. Next, fit the resistors, capacitors 
(mind the polarization of the electrolytic 
ones!), presets and semiconductors. In- 
tegrated circuits must be mounted in 
sockets. In some cases, it is necessary to 
bend component terminals with the aid 
of precision pliers to align them with the 
holes indicated in Fig. 3. The largest 
component, Cs, may have to be 
mounted at the track side of the board, 
or even direct across the meter terminals. 


Now carefully check all connections and 


component positions against the compo- 
nent mounting plan. The completed 
board is aligned before it is fitted in an 
enclosure. 


Setting up 

The three ranges of the capacitance 
meter module are first calibrated. Ideal- 
ly, this is done with the aid of precision 
capacitors of 1 nF, 100 nF and 10 uF. 
The lowest range, 1 nF, should not cause 
problems thanks to the availability of 
polystyrene capacitors with a tolerance 
of 5% or even 2.5%. Most polystyrene 
capacitors are round, white, with a black 
ring at one side of the capacitor body, 
and have relatively thin wires. It is fairly 
easy to obain twenty or so polystyrene 
capacitors of values between 100 pF and 
10 nF from a salvaged TV _ chassis. 
Sometimes referred to as ‘styroflex’, this 
type of capacitor is also widely available 
from electronics retailers. 
Unfortunately, polystyrene capacitors 
with values in the pF range are hard-to- 
obtain and expensive components. The 
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multilayer MKT type capacitor offers a 
good alternative, however, and is 
available in values up to 2.2 uF at a tol- 
erance of 5% or 2.5%. These capacitors, 
which are housed in a blue, insulated 
case, are improved versions of the well- 
known grey MKM/MKC types charac- 
terized by the terminals being soldered to 
the partly metallized capacitor body. 


In the following description of the align- 
ment, current readings (mA) and voltage 
readings (V; mV) refer to the use of an 
analogue and digital multimeter respect- 
ively. 

Connect the 1 nF calibration capacitor, 
Cx, to the meter, which is set to the 
10 mA range (analogue meter) or the 
2 V range (DMM). Switch S: to range 
L, apply power, and adjust P2 until a 
reading of 10 mA or 1 V is obtained. 
Remove Cx, switch the meter to the next 
lower range (1 mA or 200 mY), and ad- 
just Pi for a reading of 0.01 mA or 
1 mV. This concludes the adjustment of 
compensation preset Pi. Connect the 
test capacitor again, and re-adjust P2 as 
outlined above. 

The alignment procedure for range M is 
similar to that for L. Use a 100 nF test 
capacitor, and adjust Ps. 

Adjustment of the high (H) range is best 
done with the aid of a 2.2 uF MKT ca- 
pacitor. Ps is adjusted until the meter 
reads 2.2mA (analogue) or 0,22 V 
(digital). 


Final remarks 


The above adjustment procedure is 
based on the assumption that only one 
type of meter, analogue or digital, is 
available. A small modification may 
have to be be made to the circuit when 
both types of meter are used simul- 
taneously; the analogue meter may give 
a slightly different read-out that the 
digital meter owing to tolerance on Rz 
and/or Ra-Rs, This difference may be 
corrected by replacing R: with a 500 
preset, and calibrating the capacitance 
meter with the digital read-out. 

K 


Next month’s Intermediate Project 
will be a Dark-room Timer. 
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PRACTICAL FILTER DESIGN (1) 


There are still many electronics constructors who are not fully au 
fait with the operation and calculation of filters. This often results in 
not always fully correct standard solutions and difficulties when it 
comes to tracing faults. This new series of articles will attempt to 
explain the operation of the most frequently encountered types of 
filter and to make the design of them accessible to everyone. 


It is hard to think of any piece of elec- 
tronic equipment, be it audio, HF, radar, 
television, or computing that does not 
contain some kind of filter. 

Filters, also called networks, consist es- 
sentially of a number of impedances 
connected together to form a system the 
behaviour of which depends on the 
values of the resistances, capacitances, 
and inductances from which they are 
made up. 

Networks may be classified according to 
their configuration: T, m, L, ladder or 
lattice, some of which are shown 
diagrammatically in Fig. 1. 


) 
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Z2 
Lattice 


Fig. 1. Diagrams of some basic filter. 


They may also be categorized as passive 
(LC, LR, RC, or LCR filters, strip lines 
or ceramic resonators) or active, in 
which a device, normally an opamp, 
plays an active role. 

These categories are based on physical 
parameters, however, whereas we are 
normally more interested in the way a 


filter functions. In this series, all net- 
works will be classified according to 
their mode of operation. 


Basic types of filter 


There are five basic types of filter, whose 
pass-bands are shown in Fig. 2. 


Fig. 2. Pass-bands of the five basic types of 
filter. 


1. Low-pass, which passes all signals 
from d.c. to a certain frequency called 
the cut-off frequency. Above that fre- 
quency, all signals are attenuated or sup- 
pressed altogether. 

2. High-pass, in which all signals below 
a given frequency, again called cut-off 
frequency, are attenuated or suppressed. 
3. Band-pass, which passes all signals 
between two given frequencies, called 
the lower and higher cut-off frequency 
respectively. This is the most commonly 
used filter in electronic engineering. 

4. Band-stop, which attenuates or sup- 
presses all signals between two given fre- 
quencies. Outside those frequencies, all 
signals are passed. 

5. All-pass, which passes all signals of 
whatever frequency, but introduces a 
phase shift that is a function of the net- 
work parameters. Strictly speaking, this 
is, therefore, not a filter in the true sense 
of the word. 

Except for the all-pass type, all filters 
may be calculated from the parameters 
of a low-pass network as will be seen 
later in the series. 


The ideal filter 


An ideal filter is a network that passes 
all signals between two frequencies with- 
out altering them in any way and sup- 
presses all others completely. The skirt 
of the pass-band of such a filter is a ver- 
tical line—see Fig. 3. 


Fig. 3. Pass-band of an ideal filter. 


} 


An ideal filter will introduce a time delay 
between its input and output that is con- 
stant for all frequencics—this is shown 
by the horizontal line in Fig. 3. 

From these two (straight) lines, it follows 
that the ideal phase shift @, is also a 
straight line. 

The time delay, ¢, at an angular velocity, 
w = 2n/, of frequency f is derived from 
the phase shift at every frequency: 


t= O/f 


in which @ is the phase shift in degrees, 
or 


t= fw 


in which f is the phase shift in radians. 
Note that the frequency axis in Fig. 3 is 
linear; when this is shown, as is usual, 
logarithmically, the phase characteristic 
will, of course, look quite different. 
The ideal filter can not be realized, so 
that practical network characteristics are 
not the straight lines shown in Fig. 3. 
Also, the time delay in a practical filter 
does not remain the same for each fre- 
quency. The deviations from the ideal 
characteristic curves have an important 
bearing on the step and pulse behaviour 
of the network. 


Some network theory 


Figure 4 shows the general represen- 
tation of a terminated filter. The voltage 
source at the input has an internal resist- 
ance Ri, while the output termination 
consists of resistance Re. 

The two resistances have an important 
bearing on the functioning of the filter. 
If buffers are used at the input and out- 
put of the filter, however, these 
resistances no longer affect the oper- 
ation of the network. Their value must 
be known when the filter is being de- 
signed, 


Fig. 4. General representation of a ter- 
minated filter. 


For example, in the case of a loud- 
speaker filter, Ri will be virtually zero 
and R» will have a value of, say, 6 Q. In 
the case of a high-frequency filter, both 
resistances may have a value of 60 Q. 
These examples show that the design of 
these networks must be approached 
from different angles. 

The transfer function (attenuation vs 
frequency characteristic) of a filter may 


be expressed as a vulgar fraction of two 
complex quantities. For example, the 
transfer function of the simple filter in 
Fig. 5 is: 


Tiiw)=1/{Gw)' +2Gw) +2) +1} 


Since the denominator consists of a 3rd 
order equation, the filter is said to be a 
3rd order network. The roots of the 


Fig. 5. A basic filter (see text). 
denominator are called the poles, and 
those of the numerator the zeros, of the 
transfer function. The poles and zeros 
determine the behaviour of the network. 
Once they are known, the function of 
the filter is known and the values of the 
constituent components can be calcu- 
lated for any given application. 

The complex roots of numerator and 
denominator may be represented in the 
complex plane by noughts (zeros) and 
crosses (poles). 

The position of the noughts and crosses 
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in the complex plane determines the 
stability and practicability of the filter. 
It is interesting to note that normally the 
poles and zeros are conjugate pairs. 
Only poles and zeros that lie on the real 
axes can exist on their own. Also, poles 
may lie only to the left of the y coor- 
dinate. 
The slope of an v-th order filter is, in 
general 1x6 dB per octave. This is, how- 
ever, only a guideline and depends on the 
type of filter. 
Similarly, the phase shift at the cut-off 
frequency is, generally speaking, nx45°, 
but this may be quite different in some 
types of filter. 
Modern network theory has produced a 
number of standard filters, each with its 
own specific parameters, ¢.g., Chebishev 
and Bessel. Since with higher-order 
transfer functions it becomes tedious to 
calculate the poles and zeros of a given 
filter, use may be made of standard 
tables that give the values for a number 
of filters. 


Further in the series... 


In this series, we will deal with a number 
of filter topologies, passive as well as ac- 
tive, and various filter types. In all cases, 
the most important characteristics will 
be given, as will tables for the poles and 
component values for the various net- 
works, 

For passive filters, values of source im- 
pedances will be given that are either 
equal to the output terminating im- 
pedance or zero. This will enable a.f. as 
well as h.f. constructors to profit from 
the series. 

All calculations will be based on a low- 
pass filter, since from this all other types 
may be derived. In many cases, worked 
examples will be used to illustrate the 
text. 

All characteristic curves used in the 
series have been calculated with the aid 
of a network analysis program to ensure 
the highest possible accuracy. In many 
instances, these characteristics will give 
sufficient information for the design of 
a filter for a particular purpose. + 
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IMPROVING AUTOMOTIVE 
WIRING SYSTEMS 


by Alan Baker, BSc(Eng), ACGI, CEng, FlMechE 


One of the most outstanding aspects of 
automotive progress in the post-World 
War II era has been the proliferation of 
electrical services. Pre-1939 cars had 
electric starting, lighting, screen wiping, 
horns and semaphore-type turn in- 
dicators but little more, unless one in- 
cludes a handful of such developments 
as Auburn’s electric raise-and-lower sys- 
tem for the hood of a convertible. In- 
novative but, at that time, not ad- 
equatcly reliable. 

After the war, though, came a succession 
of electrically actuated ancillaries aimed 
at enhancing safety, comfort or con- 
venience, Stop, fog and spot lights, 
heating/ventilation fans, cigarette 
lighters, screen washers, rear-window 
heating and (with the advent of the 
hatchback) rear wash/wipe, headlamp 
wash/wipe, central door locking and 
powered windows, in-car entertainment 
(as it has come to be called) and the 
power sourcing for the growing elec- 
tronics content — ignition, on-board 
computer, cruise control, engine and 
transmission management, anti-lock 
brakes and anti-wheelspin devices. 

And there is more to come as four-wheel 
drive and steering gain favour and 
suspension is improved through auto- 
matic damper-rate variation or, in the 
longer term, fully active systems. 

Small wonder, then, that conventional 
electric harnesses have been becoming 
ever more complex, bulky and costly. 
For a well equipped car the loom may 
now involve thousands of wires and 
weigh many kilograms, as well as impose 
significant installation and maintenance 
problems. Some easing of the situation 
was gained from reducing individual in- 
sulation thicknesses, but this was just a 
palhative — the cure demanded a more 
drastic approach. 


University advice 


That approach, now called multiplexing, 
has existed as a concept for some years 
but it has raised many practical difficult- 
ies that have only recently been over- 
come. In ideal multiplexing, every ser- 
vice on the vehicle would be supplied 
with electricity via a sort of ring- 
main—as in a building—with local intel- 
ligence or logic to decide what should be 
on and what off. 


Such a scheme would have a major snag, 
though. It would have to be entirely of 
heavyweight 60 A cable to carry the cur- 
rent. A major compromise was clearly 
essential. 

One of Britain’s major electrical sup- 
pliers, the Volex Group, latched on to the 
possibilities of multiplexing some eight 
years ago and soon became aware of this 
and other associated problems. Volex’s 
wiring specialists reckoned that the com- 
puter might help them towards a 
solution, so they consulted Professor 
Michael Hampshire, then head of the 
Department of Electrical and Electronic 
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Schematic layout of Salplex multiplexing sys- 
tem, based on a master unit and the appro- 
priate number of slave units. 


Engineering at nearby Salford Univer- 
sity. 

This is not the place for a detailed 
evaluation of the consequent work at 
Salford, but its end-product was a ra- 
tional computer-based system for con- 
verting an automotive customer’s wiring 
drawings into a viable multiplexing 
scheme based on a plurality of feed 
cables rather than the single conductor 
of the idealized ring-main. 

The manufacture of hardware of this in- 
novative type was outside Volex’s oper- 
ational ambit. To meet the situation, 
therefore, a new company, Salplex Ltd, 


was formed jointly with the General 
Electric Company of England, and a 
new factory was built for it at Rugeley. 
The time since the formation of Salplex 
in 1980 has been devoted to evolving 
fully practicable automotive systems. 


Levels of multiplexing 


The main technical problems had all 
been solved by 1984, since when the 
company has been refining its designs 
and developing the appropriate pro- 
duction techniques in readiness for the 
rush that looks about to start. It became 
apparent relatively early that any at- 
tempt to evolve a panacea multiplex sys- 
tem was doomed to failure since it would 
be over-sophisticated for some duties 
and too primitive for others. 

One organization to recognize this fact 
was the United States Society of 
Automotive Engineers (SAE) which, in 
consultation with the country’s auto 
manufacturers, established three levels 
of multiplexing. 

Salplex’s lowest level, corresponding to 
the SAE’s Class A, is that suitable for 
vehicle body electrical systems where the 
requirement is for simple on/off 
switching of each service. Class B caters 
for shared information and communi- 
cation, message sending and handling. 
Class C is a higher tech and often higher 
speed (and consequently much more ex- 
pensive) system including in car 
diagnostics, anti-lock braking, engine 
management and the control of auto- 
matic transmission. 

Integrated multiplexing for a car 
therefore has to be a combination of 
Classes A and B. The two elements can- 
not be discrete, though, but have to have 
an interface since, in some areas, com- 
munication between the two types of 
function is essential. Salplex has 
developed a combined system of this 
kind, carrying the Series 4000 desig- 
nation. 

The system handles not only the com- 
munications function but also the inter- 
related switching one as, for example, 
when headlamps have to be controlled 
by the ignition switch, the high/low- 
beam switch and the headlamp-flash 
switch. This functionality, as it is called, 
is programmed into the master unit and 
is not dependent on complex switches or 


relay logic. 


A working system 


The essence of multiplexing is time div- 
ision, which ensures that each service 
gets its share of the conductor (known as 
a bus) without interference from the 
others using it. Several rechniques have 
been evolved for time division and that 
chosen by Salplex for the Series 4000 is 
known as time-slot assignment, based 
on the maximum acceptable time delay 
between an input event (a switch closing) 
and the related output event (a lamp 
lighting). This time interval is divided 


into a number of time slots, each of 
which is available for moving the data or 
commands allocated specifically to it. 
In brief, the Series 4000 is based on a 
central master module and a number of 
slave modules distributed about the ve- 
hicle. While the master module is 
responsible for power and signal distri- 
bution and all logic functions and 
timing, the slave modules service the 
complement of loads and switches either 
directly or through sub-harnessing. 
Many of the world’s major motor 
manufacturers are currently evaluating 
the Salplex system, along with compar- 
able equipment from the handful of 
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other companies that have succeeded in 
negotiating the many obstacles on the 
multiplex road. In the meantime, the 
company continues its research and de- 
velopment in collaboration with its 
parent firms, being determined to build 
on its sound foundations and to be in a 
position to supply proven and _prac- 
ticable hardware when the multiplexing 
bandwagon begins to roll. 


Salplex Lid @ 7-8 Riverside Industrial Estate e 
Rugeley WSI5 2YR. 


NEWS 


Satellite communications 


Since INTELSAT 1 (‘‘Early Bird’’) was 
launched more than 23 years ago, dozens 
of commercial communications satellites 
have gone into orbit—overcrowding the 
C-band (4-6 GHz) and forcing migration 
to the Ku-band (11-14 GHz), which is 
now also becoming overcrowded. Next in 
line is the Ka-band (20-30GHz). 
Satellite Communications in Developing 
Countries, a report from Frost & 
Sullivan, estimates that, on average, 20 
commercial satellites will be launched 
worldwide each year through 1995. 
About four fifths of these will be for 
communications and about 40% of 
them will be for use by developing 
countries. 

Over the past 20 years, satellites have be- 
come more complex, more powerful, 
and considerably larger. Early Bird was 
1.37 m high, whereas the latest INTELSAT 
VI, due for launch later this year, will 
stand almost 12m high and will be 
several times larger than a private car. 
Large, powerful satellites make possible 
smaller, less complex, and thus cheaper, 
earth stations. The report estimates that 
at present just over 3,000 earth stations 
with antenna diameters of less than five 
metres are installed in developing 
countries, but that by 1992 that number 
will have grown to almost 35,000. 


The end of morse 


Morse code, the radio message system 
used by ships at sea and thousands of 
radio amateurs the world over, is to be- 
come a thing of the past, at least as far 
as professional services are concerned. 
The International Maritime Organi- 
zation in London has given the go-ahead 
to the introduction of a more advanced 
digital replacement. The global maritime 
distress and safety system will be in- 
troduced in 1999, Messages will be 
handled automatically, mostly by satel- 
lite. Any distress signal will be coded to 
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identify the ship automatically. 


£15.8 million telex investment 


British Telecom is to spend a further 
£15.8 million to complete the modern- 
ization of its inland telex network. 
This will bring British Telecom’s invest- 
ment in the telex network to more than 
£100 million in the past five years and 
will lead to an all-digital network within 
three years. 

Direct dialling over the UK telex network 
was introduced in 1958 and to Europe in 
1961. Automatic telex is now available to 
more than 200 countries. 


Communications network 


A low-cost communications network, 
designed to perform the functions of 
multiple direct RS232 links between 
computers, peripherals and other com- 
munications devices, has been developed 
by Infa Communications of Henly-on- 
Thames. 


SHARE BY REGION OF TOTAL EARTH STATION 
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Asia & Ocenia 38% 


Africa South of the Sahara 15% 


The network provides simultaneous 
links within it, subject to an overall limit 
of 115,000 bits/s for the rate of trans- 
mission of data around the ring. 

The system is suitable for small and 
simple or large and complex sites and is 
readily expanded (with fibre-optic links 
between coaxials rings). It is designed 
for hostile environments, will function 
reliably at full speed over distances of up 
to a maximum of 800 m between nodes 
(without the use of line drivers) and 
more than one computer may be ac- 
cessed. 


Total Frequency Control 


A new company has been launched for 
the marketing of frequency control prod- 
ucts. The new company, named Total 
Frequency Control Ltd (P.O. Box 1004, 
Storrington, West Sussex HH20 3YU, 
Telephone 09066 5513), is unique in its 
conception and will, for instance, offer 
custom design of all oscillator products 
with an emphasis on TCXO and VCXO 
oscillators. 
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CALSOD, A LOUDSPEAKER 
DESIGN PACKAGE 


Until recently, computer-aided loudspeaker design and optimizing 
could only be implemented on mainframes. Fortunately, that has 
changed, and a new, comprehensive, design package, CALSOD, 
is now available for PCs as well. This article reviews CALSOD, and 

reports on its use in a practical test. 


Designing a good-quality loudspeaker 
box invariably requires solid background 
knowledge, a lot of time, and reliable 
test equipment. If any one of these three 
ingredients is lacking, the final design 
will almost certainly fail to give satisfac- 
tory results. Serious designers will no 
doubt have the relevant equipment and 
background knowledge, but often lack 
time to go through the stages of testing 
and redesigning the box. The design of a 
multi-way loudspeaker system invariably 
commences with setting up a theoretical 
model on the basis of available data on 
the drive units to be used. Next, a proto- 
type is built to clear the way for practical 
tests. Measurement results generally de- 
viate widely from those expected on the 
basis of the calculations, This is so 
because it is very hard, if not impossible, 
to include each and every parameter in 
the calculations. Filter response, im- 
pedance, frequency and phase 
characteristics of the drive units are all 
fairly simple to determine on their own, 
but complex calculations in simulation 
programs are required to predict their 
combined effect, leading up to the total 
response of the filter and drive units. 


Unfortunately, the development and use 
of such simulation programs is the ex- 
clusive domain of leading loudspeaker 
manufacturers, Not only the software in- 
vestment, but also the mainframes used 
for running these programs are well out 
of reach of individual box designers and 
small companies. The arrival of 
CALSOD has changed this radically. 
Other software packages for loudspeaker 
design and optimizing, offering a 
price/performance trade-off at least 
equal to that of CALSOD, are, to the 
best of our knowledge, not available. 


Computer-aided design 

CALSOD stands for Computer-Aided 
LoudSpeaker Optimizing and Design. 
Although ‘Design’ would normally 
precede ‘Optimizing’, the acronym 
covers the function of the package very 
well. A series of extensive tests with 
CALSOD has spurred our enthusiasm 
about the program. The redesign feature 
of the program was tested on existing 
loudspeaker — systems. | Remarkably, 
CALSOD’s computed was 


response 


found to correspond exactly with the 
measured response. 

CALSOD is actually a set of sub- 
programs that together offer the 
possibilty to calculate everything a 
designer needs to know to achieve opti- 
mum results from the available drive 
units, whose technical characteristics are 
first entered in the program (impedance, 
frequency and phase response; 
Thiele/Small parameters, if available). 
Obviously, accuracy of the computed 
results is determined to a large extent by 
the accuracy of the input data. A num- 
ber of fairly simple program modules 
then allow converting the measured 
curves into a kind of equation used for 
processing by the program. Examples of 
available filter modules include one 
capable of generating a second to fifth- 
order Butterworth characteristic, one 
representing the response of a drive unit 
in a closed box, a bass reflex box, a 
passive radiator, and so on. Small ir- 
regularities in a response curve can be 
simulated accurately with the aid of so- 
called ‘minimum phase equalizers’, 
which are essentially tuned circuits 
whose resonance frequency, Q (quality-) 


These graphs show the total acoustic output of a two-way loudspeaker system before (a) and after (b) optimizing with CALSOD. 


factor, and amplification or attenuation 
can be specified by the user. 

After the curves have been simulated 
with the aid of modules, these can be 
‘fitted with’ the appropriate filters. All 
data is put into a text file that looks 
similar to a netlist for SPICE. The inte- 
grated word processor is then used for 
making a file for each loudspeaker. The 
file contains the component values, and 
the way components are connected to 
nodes in the network. Global values can 
be entered for filter specifications, c.g., 
representing an ideal filter terminated in 
a pure resistance. 

Next, the target response curve is speci- 
fied, eg., that of a fourth-order 
Linkwitz filter dimensioned for a cut-off 
frequency of 5 kHz. The file with all 
data is then read into the program, after 
which network analysis is performed. 
The user is then in a position to study all 
the relevant parameters: frequency and 
impedance characteristics of the box, 
output voltage of the filter, input im- 
pedance of the loudspeaker(s) plus filter, 
and the acoustic output signal of the box 
plus filter. The target response curve can 
be projected over the measured response, 
so that deviations can be assessed before 
the optimizing process commences. 
CALSOD changes component values in 
the filter until the acoustic output signal 
is a reasonable approximation of the 
target specification. The user is in a pos- 
ition to state beforehand which compo- 
nents may be redimensioned by the 
program. All loudspeaker sections are 
processed in this way to obtain a larger 
file that contains optimized data for all 
sections. 

The complete system is then ready for 
analyzing. Individual curves can be 
displayed separately, as well as the sum 
signal produced by the loudspeakers, 
measured at a predefined distance from 
the box. CALSOD even offers the possi- 
bility to indicate vertical and horizontal 
position of the loudspeakers on the front 


panel of the box, as well as inter- 


loudspeaker distance relative to the 
listening position. This facility allows 
studying the effect of, say, a 3cm 
displacement of the tweeter, or a 10 cm 
displacement of the listener. Finally, 
CALSOD is a capable of optimizing the 
complete system, working effectively 
towards the realization of the target 
response. 


Practical and with plenty of 
options 

CALSOD is a_ well-designed and 
remarkably practical program that will 
prove invaluable to the designer who 
knows what he is doing. Evidently, the 
program is and remains but a tool that 
works on the basis of the user’s ex- 
perience gathered from previous loud- 
speaker designs. None the less, this tool 
greatly simplifies formerly often tedious 
and time-consuming work. The optimiz- 
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ing procedure can provide really good 
results, and the options for analysing a 
complete system are unique. On a less 
positive note, the program is fairly 
cumbersome to work with. As in SPICE, 
changing a single value in the input file 
is basically simple, but time-consuming. 
Before a new analysis can be performed, 
the user must return to the word pro- 
cessor, change the text where appro- 
priate, load the modified file into 
CALSOD, and restart the analysis. 
Remarkable in view of the fairly heavy 
calculation load, the review package of 
CALSOD did not support the use of a 
maths co-processor in the PC. 


CALSOD may be ordered direct from 
AudioSoft, 128 Oriel Road, West 
Heidelberg 3081, Melbourne, Australia, 
The package costs A$349.00 inclusive of 
postage and packing. 


NEWS 


Al adds intelligence to chip 
design 

European Silicon Structures—ES2—of 
Bracknell has signed a £250,000 contract 
with the Artificial Intelligence Appli- 
cations Institute (AIAI), the ATI tech- 
nology group at Edinburgh University. 
Initial trials work began last March 
when AIAI built a prototype intelligent 
front-end for ES2’s existing chip design 
with their AI tool kit, Knowledge Craft. 
Following this, the next stage will be to 
investigate and prototype systems for 
testing and evaluating circuit designs. 
ES2’s policy is to encourage the im- 
plementation of unique — systems 


solutions on silicon and to bring the 
benefits of custom silicon technology 
within the reach of all equipment 
manufacturers by lowering barriers to its 
use. 


Prime Computer and British 
Telecom announce 
co-operative effort 


Prime Computer Inc and_ British 
Telecom, through its US subsidiary 
Dialcom Inc, have announced a 


worldwide co-operative effort to de- 
velop, market and support communi- 
cations systems for electronic messaging 
and information systems for major 
enterprises. 


GEC/Thorn EMI national 
cordless telephone service 


GEC and Thorn EMI have applied in the 
name of ‘‘Callmaker’’ for a_ licence 
jointly to operate a national cordless 
telephone service. 

The Callmaker Telepoint system will 
allow members of the public to make 
outgoing telephone calls over the Public 
Switched Telephone Network using 
second-generation cordless handsets. 
Base stations will be located at strategic 
points throughout the United Kingdom 
and when users are within range they will 
be able to dial anywhere in the world. 
Paging facilities will be added to en- 
hance the service. 


January 1989 


TEST & MEASURING EQUIPMENT 


Part 13: Power Supplies (1) 


Farnell LT30/1 Power Supply 


Farnell are a large and well-established 
electronics company who, over the years, 
have gained a good reputation, es- 
pecially in meeting the instrumentation 
requirements of the educational sector. 
Farnell has a wide range of products in 
its T&M range, from synthesized r.f. 
signal generators to low-cost oscillo- 
scopes. 

The LT30/1 is a dual O—30 V, 1 A power 
supply that retails at £230+VAT, The 
LT30/1 is one of a large range of power 
supplies that includes such units as the 
TSV70 which provides 0O—70 V at up to 
10 A output. 

The unit is characterized by its use of 
twin analogue output meters instead of 
the more common dual, often quad- 
ruple, digital meters that accompany 
some power supplies. Constant-voltage 
or constant-current operation is poss- 
ible, while the output is protected 
against overloads and short circuits. 
Connection to the mains is by a fixed 
lead. The mains input voltage may be set 
to 110 V, 130 V, 220 V, or 240 V ac. 


Operating characteristics 


Line regulation is good at less than 
0.01% output change (constant current 
or constant voltage) for a +10% change 
in mains voltage. Load regulation is also 
good, with a 0.01% change in output for 
a zero to maximum change in the load. 
These specified conditions were matched 
on the review model. This facility, 
together with the low temperature coef- 
ficient of 0.01% per °C, enables accurate 
output levels to be set at switch-on, ir- 
respective of load variations or 
operating time. Initial drift was also low 
on the review model and should not be 
significant. None the less, as a 
safeguard, a separate output switch is 
provided. This enables the supply to be 
adjusted in circuit and left in stand-by 
prior to supplying the load. This ar- 
rangement provides good regulation 
without a warm-up delay. 

Ripple and noise do not present any un- 
due problems: they are below 1 mVpp 
(constant voltage dF=80 kHz) under 
full-load conditions, 


by Julian Nolan 


Table 19 
TECHNICAL SPECIFICATION 


Line voltage: 110 V; 130 V; 220 V; 
240 V 410% 

Line regulation: <0.01% of max. output 
for a + 10% change in mains voltage 

Output impedance: <0.1 2 at 100 kHz 

Temperature coefficient: 0.01% per °C 
(typical) 

Transient response: <25 us for output to 
recover within 50 mV following a 10% 
to 100% change in load 

Ripple and noise: <1 mV (typical) 

Voltage control: coarse and fine controls 

Current control: single contro! only 

Protection: against full overload and short 
circuits 

Metering: twin analogue meters (30 V and 
1A f.s.d.) 

Meter accuracy: not known 

Output terminations: 4 mm terminals 

Sensing: remote current sensing only 

Other features; output switching; 
dedicated current source mode 

Dimensions: 226 x 254 x 249 mm 
(H x W x D) 

Weight: 8.4 kg 


The transient response time is also good: 
the output recovers to within 50 mV in 
25 us following a 10%—100% load 
change of | us rise time. 

The current limit is continuously vari- 
able over the full current output range of 
1 A: the trip temperature coefficient of 


0.02% enables this to be known ac- 
curately at all times. 


The LT30/1 in use 


In use, the LT30/1 scores highly: clear 
indications are provided of current 
overload and output current/voltage. 
The use of analogue instead of digital 
meters has, of course, a cost advantage 
and also allows trends such as, for in- 
stance, the current drawn to be seen 
more casily. On the other hand, 
analogue meters do not offer the resol- 
ution of digital meters, although on a 
power supply this is not really a critical 
factor. None the less, it would have been 
useful to have the option of switching 
the meters, for instance, to have 
constant-current and constant-voltage 
metering on a single output rather than 
the obligatory one meter per output 
switching arrangement. Both meters can 
be switched between current and voltage 
monitoring. 

The constant-current facility should find 
many applications from providing a ref- 
erence for a DAC to charging NiCd cells, 
for instance. A current-sense input 
enables the constant-current output to 
be set with high accuracy. 

Since voltage sense inputs are not pro- 
vided, no automatic compensation can 
be made for the potential drop across the 
supply leads, although with a 1 A supply 
this is not of great importance with com- 
monly used leads. 

The outputs may be paralleled to in- 
crease the maximum output current to 
2 A, while a maximum output voltage of 
60 V is available if the outputs are con- 
nected in series. These arrangements 
work well, but it would have been useful 
if an internal switching network instead 
of the necessary reconfiguration of the 
output terminals had been provided. 


Construction 


The external construction is based on a 
steel chassis and a stove-enamelled steel 
enclosure. The neat front panel consists 
largely of aluminium, as does the back 
panel. Heat sinks are mounted on the 
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Table 20 


factory 


factory 


Excellent 


Voltage control 
Current control 
Regulation 

Meter accuracy 
Overall accuracy 
Output impedance 
Internal construction 
External construction 
Overall specification 
Ease of use 

Manual 

Additional features 


back panel. The construction gives the 
instrument a justifiably solid appear- 
ance. 

The internal construction is of the same 
high standard. The unit consists basi- 
cally of two single power supplies 
housed in a single enclosure. Each 
supply is based on a separate trans- 
former and printed circuit board. Access 
is good, so servicing should not present 
undue problems. 

Heat dissipation is low even at high out- 
put currents. 

Overall, the power supply should be able 
to withstand use in most environments 
and should not be damaged easily. 


Manual 


The manual provided with the instru- 
ment contains fairly detailed operating 
instructions, together with a full range 
of applications. There is also a full cir- 
cuit description, components list and a 
circuit diagram. 


Unsatis- | Satis- 


Conclusion 


The analogue meters of the LT30/1 may 
initially cause concern to some users, but 
they have advantages over digital types. 
This small point is, however, offset by 
the LT30/1’s high standard of construc- 
tion and a range of facilities that are well 
above average. 

The constant-current mode is particu- 
larly useful, as are the current-sense in- 
puts where high accuracy is required. 
Given the accuracy and resolution of the 
good-quality analogue meters, the 
absence of remote  voltage-sensing 
should be not too significant. 

The high-grade construction should 
make the instrument appeal to a wide 
range of users, especially in the edu- 
cational and business sectors where 
Farnell already has a good market. 


In perspective 
At an RRP of £230, the LT30/1 may ap- 
pear to be overpriced when compared 
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with other power supplies offering a 
similar specification and quadruple 
digital meters for, typically, another £20. 
However, if the dual analogue meters are 
acceptable, the LT30/1 represents good 
value. Farnell have earned a good 
reputation in the test equipment market. 


The LT30/1 was supplied by Farnell In- 
strument Ltd, Sandbeck Way, Wetherby, 
West Yorkshire LS22 4DH, Telephone 
(0937) 61961. 


Some other PSUs from 
Farnell 

Owing to the large range of power sup- 
plies available from Farnell, only a brief 
outline of specifications can be given. 


L series: single (0O—30 V at 1 A and 0— 
30 V at 5 A); and dual (O—30 Vat1A 
and 0—30V at 2A). Prices from 
£121+VAT to £2824 VAT. 


D series: various models from other 
ranges (mostly L) but with digital 
meters. 


5000 series: a range of low-cost units, in- 
cluding 0—15 V at 1! A and triple output 
models. Typical RRP around £45 + VAT. 


E30 series: O—I5 V at 2 A or 0O—30 V at 
1 A; other versions available. Typical 
RRP around £110+ VAT. 


Triple output; various output voltages 
available at different current ratings; 
RRP from £114 to £250; some models in- 
clude digital meters. 


A heavy-duty range is also available with 
3 kW maximum output; prices up to 
£2,450. 
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SCIENCE & TECHNOLOGY 


Software without tears 


by Dr Hugh Porteous, Department of Mathematical Sciences, Sheffield City Polytechnic 


Many firms that are not big enough to employ professional 
computer systems analysts run into trouble when embarking on 
the task of programming. A great deal of money is often wasted 
in this way, but it need not happen if someone on the staff takes 
a short, home course prepared by academic mathematics 
departments and a large computer manufacturer in the UK. 
The course is now available through the Institution of Electrical 


Most people associate computers and 
mathematics. For many, mathematics 
means ‘sums’, amounting to addition, 
subtraction, multiplication and division 
and, because they see computers as big 
machines that do number calculations 
with great speed and complete accuracy, 
they think mathematicians are virtually 
redundant. Others, more aware of the 
limitations of computers, still see a role 
for the mathematician but see the re- 
lationship between a mathematician and 
a computer as that of a master who 
wishes to perform some task and a ser- 
vant who does all the dirty work. 

And most people who work with com- 
puters know that the vast majority of 
jobs handled are not complicated 
numerical calculations but more mun- 
dane tasks such as keeping records of 
stock in a warehouse, producing labels 
of names and addresses for mailing pur- 
poses or handling a company’s payroll. 
The level of mathematics required is 
elementary arithmetic. For example, if I 
have five boxes of a particular part and 
I sell one, I have four boxes left. If 1 then 
order two more, I have six. Mathematics 
seems remote and irrelevant. 

While people wrote simple programs to 
deal with simple tasks, all was well. 
Usually, programs worked and if they 
did not the author of the program would 
quickly discover what was wrong and 
put it right. As programs grew more 
complicated, the programmers grew with 
them, gaining more and more skill at cir- 


cumventing the limitations of the 
machines they were using and the 
languages with which they com- 


municated with the machines. Program- 
ming had become a ‘craft’. 


Engineers. 


Too complicated 


At about this stage things started to go 
wrong. Tasks tended to become too com- 
plicated for a single programmer and at- 
tempts were made to patch together the 
work of several people. Often this 
worked very well, but sometimes one 
part of a program reacted on another in 
a way that none of the programmers 
could have anticipated and the computer 
produced incorrect results. Sometimes 
that would be cured by modifying the 
program in a suitable way — until, that 
is, another programmer came along, in- 
terpreted the modification as a ‘mistake’, 
and put it ‘right’ again. 

In seeking to solve this problem, the in- 
dustry has evolved from the craft 
discipline of programming to the 
engineering discipline of software 
engineering. This involves building up 
programs in a modular function, with 
each module independently tested to 
make sure that it performs as required. 
The final program should have a rela- 
tively simple structure so that it is easy to 
check that it is correct. The result should 
be error-free software, or at least soft- 
ware where errors can be put right with- 
out creating a whole host of new ones. 
The key to such a strategy is specifi- 
cation. There is no point in writing large 
numbers of modules for programs if the 
other members of the team cannot 
understand what they do. It is important 
to realise that what matters, once a 
module has been written, is what it does, 
now how it does it. The specification of 
a program module should declare what 
inputs the module will accept, the sort of 
output to be expected and a statement of 


how the input and output are related. 
Just how to obtain the output from the 
input is important to the writer of the 
module, but may not be so to the user. 


Off the shelf 


All this has taken us a long way from 
mathematics. Yet it is not so far, For the 
analogy with other engineering disci- 
plines is deliberate. If we are designing a 
new machine we may well construct it 
with parts ‘off the shelf? and they too 
will be built to a specification. Critical 
parts will be built to certain sizes, 
strengths and weights, and it will be not 
at all surprising if these are expressed in 
a mathematical form. With software, 
similarly, mathematics is the language 
used for specifying program modules. 
The reason why many find this surpris- 
ing, even impossible to accept, is that 
their view of mathematics is too limited. 
Mathematics is not just about numbers. 
It is about any formal, logical system 
with precise rules of operations. The 
mathematics of the software engineer is 
not the mathematics that most people 
used to learn at school. There is no need 
to solve differential equations, compute 
logarithms, sines or cosines or even to 
use that most famous of all mathemati- 
cal symbols, the number n. Instead we 
use the calculus of propositions, evaluate 
expressions in Boolean algebra and col- 
lect objects together into sets. 

For much of the time only two numbers 
suffice, the numbers | and 0, which can 
be interpreted as the equivalents of ‘true’ 
and ‘false’. Many of the concepts are ex- 
ceedingly simple and are now taught in 
primary schools; but to the uninitiated, 
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“A software crisis?” 


The structure of the course, 


pAq-ris easy to understand once you 
knows the language, but is incomprehen- 
sible otherwise. Unfortunately many 
very competent computer programmers 
have never met this sort of mathematics. 
For them, software engineering is a 
closed book. 

It was for this sort of person that we 
wrote the training package Essential 
Mathematics for Software Engineers. It 
consists of three programmed learning 
texts, each having three blocks; a fourth 
volume contains a glossary; there is a 
bibliography and a guide to the course 
and a video cassette, which introduces 
each of the blocks and explains some of 
the concepts in a more graphic way than 
is possible in a straight text. The first 
and last blocks are an introduction and 
postscript to the other seven; blocks two 
to six introduce the various mathemati- 
cal concepts, while blocks seven and 
eight are extended case studies. 

Block two looks at sets and logic. The 
purpose of this is to provide a 
framework for writing down the essen- 
tial facts about a problem in an unam- 
biguous way and with the structure 


clearly visible. What we need is to find 
simple ways to put together sentences so 
that is is easy to check whether they are 
true or false, and to specify sets in such 
a way that if we take any particular ob- 
ject we can tell easily which sets it 
belongs to. 

We may well ask why, when most of the 
ideas are so simple, we cannot just write 
specifications in ordinary English. The 
answer is that often we can, but English 
has a number of peculiarities that can 
Icad to ambiguitics. The simplest of 
these is the use of the word or. If your 
are asked at breakfast in a hotel whether 
you would like cereals or orange juice, 
which of the following do you state as 
your choice? 

(a) Cereals 

(b) Orange juice 

(c) Both 

(d) Yes please 

Here is another example: 

“Peter and Andrew were fishermen’’. 
The statement can be paraphrased as 
(Peter was a fisherman) and (Andrew 
was a fisherman) but 

“Peter and Andrew were brothers’’, 
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although of exactly the same gram- 
matical appearance, cannot be 
paraphrased as (Peter was a brother) and 
(Andrew was a brother). Once again our 
everyday language is not precise. 
The next example is a little more subtle. 
An advertisement for a used car pro- 
claims ‘‘only one careful driver.’ Let us 
try to be precise. Let D be the set of all 
drivers of the car. Let CD be the subset 
of this consisting of all careful drivers of 
the car. Then we wish to say that the set 
CD has only a single element. That, at 
least, is what it seems to mean. But is 
that what is really intended? Would you 
buy a car which had had only one care- 
ful driver, and not worry about all the 
other, careless drivers which the car had 
had? Or does the advertisement imply 
that the set D has only one element, and 
that that driver was careful? I suspect 
that most people would assume that the 
second interpretation was the correct 
one. 
Contrast this with the assertion ‘‘The 
car has had only one serious accident,’ 
The grammatical structure is identical, 
yet most people would take the other in- 
terpretation, namely that the number of 
serious accidents suffered by the car is 
one, but that there may have been other, 
non-serious ones. Where the same gram- 
matical structure can mean quite differ- 
ent things according to the context, there 
is a clear indication that the language we 
are using to specify the structure is not 
good enough for the purpose. 
Block three looks at functions. These 
correspond to an idealised computer 
program which has the structure: 
Input — Process — Output 
In the block we look at how the input 
and output are specified and how the 
process relates the two. Functions 
themselves can be put together in differ- 
ent ways and this provides valuable in- 
sight into how programs can be struc- 
tured using smaller modules. 


Recursion and list 


Block four brings us to the related con- 
cepts of recursion and list. A list is 
rather like a set, except that the elements 
of it are in a specific order instead of 
merely being somewhere in the set. It is 
possible to insert and delete elements 
and to sort and merge lists. Recursion is 
involved because it turns out to be more 
convenient to define a list in terms of 
other, shorter, lists. The definition of a 
concept in terms of itself is called a 
recursive definition. At first sight it 
looks like cheating, but it is quite re- 
spectable if properly used and often 
leads to much shorter, easier programs 
that leave much less scope for error. 

For example, suppose we have two lists 
of people, both sorted alphabetically, 
and we wish to merge them into one list. 
Using recursion we start by comparing 
the first elements of the two lists. 
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Whichever one comes first alphabeti- 
cally we write down and remove it from 
its list. Now merge (this is the recursive 
step) the two remaining lists by repeating 
the process and write the merged list 
after the element we have written down 
already. That is all, or nearly all. We 
must also explain what happens if one of 
the lists to be merged is empty. In fact it 
is easy: we just write down the other. 

The next block is to do with relations. 
This is not about brothers and sisters, 
aunts and uncles, though these are used 
as an example to explain the idea. The 
point is that mathematics is concerned 
not primarily with objects, but rather 
with the relationships between them. 
Programming too is about relationships, 
especially between the inputs to a 
program and the associated outputs. 
Relations are at the heart of the specifi- 
cation process, just as functions relate to 
the implementation of the program, and 


it is vital to have a clear understanding 
of these two concepts. 


Proofs 


The final mathematical block deals with 
proofs. Part of the reason for using 
mathematics for program specification 
is that it not only helps to eliminate er- 
rors in programs, but even holds out the 
hope that we could prove our programs 
to be correct. This subject is still very 
much in its infancy, but the fundamental 
notions that would be needed in any 
such project are well known to 
mathematicians. 

Blocks seven and eight, as I have men- 
tioned, are extended case studies. One 
common example that was used to il- 
lustrate many of the ideas in blocks two 
to five was the monitor screen of a com- 
puter. In block seven much of this 
material is pulled together to show how 
to design a simple text editor, specifying 


its propertics using the mathematical 
language already developed. It falls far 
short of a full wordprocessor, but it does 
illustrate the techniques which could be 
used to design one. Block eight is a quite 
different problem. It is the design of an 
electronic diary system for a small or- 
ganisation that holds meetings at regular 
intervals and needs to find when the 
people who matter are free. 

The package has been produced with 
financial assistance from the Alvey 
Directorate in the UK and was written by 
a team from Sheffield City Polytechnic; 
the Hatfield Polytechnic; the University 
of Technology, at Loughborough, and 
ICL. The video cassette, which is of ex- 
ceptionally high quality, was produced 
by the Open University and the BBC. 
Publishers of the complete package are 
the Institution of Electrical Engineers, 
whose address is P.O. Box 26, Hitchin, 
Hertfordshire SG5 ISA, England. 


NEW PRODUCTS 


. 


Low-cost transistor sockets 


A comprehensive range of low-cost transistor 
sockets and holders that meet many appli- 
cation needs offer contact resistance of 
<30 m®, insulation resistance of >500 M® 
at 500 V d.c., and an insertion force of 
<3 kg. 

Watts International Components Lide Suit 6 @ 
Wrvern House e 46-48 High Street e BOGNOR 
REGIS PO21 ISP. 


Gang-of-eight relaunch 


Dataman has relaunched its production pro- 
grammer, the Gang-of-Eight. The latest ver- 


sion comes as standard in a robust steel case 
with a bi-directional RS232 serial interface 
that facilitates programming via a PC. The 
new version will handle 2516, 2532, and 2564 
EPROMs, as well as all 27 series from 2716 to 
27512. 

The new programmer retails at £ 395 and has 
a three-year parts and labour warranty. 
Dataman e Lombard House e Cornwall Road e 
DORCHESTER DTI IRX. 


Microcontroller boards 


Eltrak’s EIM052 and EIM06 microcontroller 
boards can save you a lot of time and money. 
These fully tested, single-board controllers 
that will interface with your circuitry can be 
programmed in a high-level language residing 
on board an can expand the facilities 
available by the use of ‘plug in’ devices or 
compatible expansion boards, thereby tailor- 
ing the microcontroller to suit your product 
needs. This reduces hardware, software, and 
development equipment costs. 

The EIM052 board provides a cost-effective 
method of installing a ‘black box’ microcon- 
troller in low-volume products. Each EIM052 
has its own simple development system on 
board. All that is needed to write, test and 
save a program is a terminal. 

For higher volume products, the EIM06 is a 
more cost-effective solution. This board, 
which has a range of options, has additional 


on-board devices to {1} increase the number 
of I/O lines, (2) add a keyboard, (3) in- 
troduce an LCD alphanumeric or graphical 
display, (4) add a backed-up real-time clock, 
and (5) add a back-up memory, 

Eltrak Electronics Ltd @ Monifieth Business 
Centre @ South Street e Monifieth e DUNDEE 
DDS 4PJ. 
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500 MbHz wideband/video ICs 


Three new wideband/video ICs from 
Siliconix provide widely use quad and dual 
analogue switch functions for high-frequency 
operation. Built with combined D/CMOS 
technology and designed with internal 
switches in a ‘T’ configuration, these TTL- 
compatible ICs provide high off-isolation 
(—80 dB at 5 MHz) with the widest band- 
width (up to 500 MHz) of any monolithic 
devices abailable today. They offer reduced 
crosstalk (—85 dB at 5 MHz), provide lower 
power consumption, and use less board space 
than commonly used discrete solutions. 
The DG540, DG541, and DGS42 are in- 
tended for use in audio, video, computer, 
telecom, military, and industria] systems 
where wide bandwidth, accurate signal 
transfer, and circuit density are important. 
Siliconix Ltd « 3 London Road « NEWBURY 
RGI3 LL. 


READERS SERVICES 


All arders must be sent BY POST to 
our Brantford office using the appro- 
priate form oppasite. Please note that 
we can not deal with PERSONAL 
CALLERS, as na stock is carried at the 
editorial offices. The postal address is 
given at the back of the form. 

All prices shown are net and customers 
in the UK should add VAT where 
shown, ALL customers must add 
postage and packing charges for orders 
up to £715.00 as follows: UK, £1,00; 
Europe, £1,50: other countries, £2.00 
isurface mail] ar £3.00 fairmailt. For 
orders over £15.00, but not exceeding 
£50.00, these p&p charges should be 
doubled. For orders over £50.00 in 
value, p&p charges will be advised, 


Software is also available from 
TECHNOMATIC LIMITED (for address, 
see inside front cover). 

In Sweden, printed-circuit boards 
should be ordered from 

ELECTRONIC PRESS 

Box 63 

$-182 11 Danderyd 

Telephone: 08-753 03 05 


SUBSCRIPTIONS 


Subscriptions can be provided 
anywhere in the world: apply to Elektor 
Electronics # Worldwide Subscription 
Service Ltd e Rose Hill @ Ticehurst « 
East Sussex TNS 7AJ @ England. 


LETTERS 


Letters of a general nature, or express- 
ing an opinion, ar concerning a matter 
of common interest in the field of elec- 
tronics, should be addressed to The 
Editar. Their publication in Flektor Elee- 
tranes is at the discretion of the Editor. 


PAST ARTICLES 


A limitad number of past issues can be 
supplied at the current cover price plus 
postage & packing as detailed above. If 
Past issues are no longer available, 
photo copies of the relevant article can 
always be provided at a price of £1.00 
per article plus postage and packing as 
detailad above, 


TECHNICAL QUERIES 


Although we are always prepared to 
assist readers in solving diffrculties they 
may experience with projects that have 
appeared in Efektor Electronics during 
the PAST THREE YEARS ONLY, we 
regret that these car nat in any cir- 
cumstances be dealt with by telephone. 


COMPONENTS 


Components for projects appearing in 
Elekter Electranics are usually available 
fram appropriate advertisers in this 
magazina. H difficulties in the supply of 
components are envisaged, a source 
will normally be advised in the article. 


BOOKS 


‘The following books are currently 
» available: these may be ordered 
_ from certain electronics retailers 
_@t bookshops, or direct from our 
_ Brentford office, 


301 Circuits £6.25 
BOE, STEUER oa kG Bw aA £6.25 
303 Circuits......-.,, £7.95 
Data Sheet Book 2. : £8.25 
Microprocessor Data book £8.95 


BINDERS 


Elektor Electronics binder 


FRONT PANELS 


No, Price VAT 
(£) {E} 

Intelligent time 
standard 86124-F 15.70 2.36 
Autoranging DMM 87099-F 2.80 0.42 
Frequency meter 87266 F 10.75 1.61 


Microcontroller-driven 
power supply BAOD16-F 28.75 4.31 
Preamplifier for 


purists 860132-F 8.265 1,24 
Autonomous 1/0 con- 
troller 880184-F 8.50 1.28 
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ORDER FORM 
VAT No. 454 135 463 


This order should be sent to: 
ELEKTOR ELECTRONICS 

1 HARLEQUIN AVENUE 
BRENTFORD TW8 9EW 
ENGLAND 


Post code 


Telephone Date 


Please supply the following. For PCBs, front panels, EPROMs, and cassettes, state the part no. 
and description; for books, state the full title; for back numbers, state month and year of publi- 
cation; for photocopies of past articles, state full name of article and month and year of pubii- 
cation, Please use block capitals. For TERMS OF BUSINESS see overleat. 


ne 
| sub-total (s) | | 


Method of payment (tick as appropriate): 
— Bank draft 
— Cheque (payable to ELEKTOR ELECTRONICS) 


parce) | | 

(— Giro transfer (our A/c no. 34 152 3801) Total paid (£) P| 
( Postal/money order ! | | | 
| JAE TEE FT 


‘Access A/c 
Card expiry date: Signature: 


SOFTWARE PRINTED CIRCUITS No, Price VAT 
(é) (E) 
F No. A 
Software in (E/PROMs lo Fad py Universal SMD-to-DIL 
te) adaptors 884025 2,60 0.39 
uP-centrolled fraquency AM calibration gan- 
meter 1 x 2742 531 9.00 1.35 @rator 884054 Not available 
X-¥ plotter Stepper motor driver BA4076 5.45 0.868 
1 x 2732 532 9.00 1.35 Simple BO m RTTY 
programmable timer receiver SB6034X 8.15 1.23 
lx 2792 5235 9.00 1.35 Printer sharing box 684030 Not available 
GHe pre-scaler SEPTEMBER 1988 
lox 273? 536N 3.00 1.35 Fast NiCd charger 87186 6.10 0.92 
automate your No. Price VAT wP-controlled radio 8BO1 20. Hoo 2.10 
model railway (é) {£} synthesizer 8BO120-2 10 1.40 
1 * 2716 $37 7.30 1.10 | aprn i9es ; 8801 20-3)!7-00 ” 
marine computer ; Sterea sound generator 87142 7.25 1,09 Salf-inductanca meter 880134 6.30 1.26 
1 =« 2716 538 7.30 1.10 Fuzz unit far guitars 97255 6.50 0,98 OCTOBER 1988 
Jumbo clock Active loudspeaker Cantronics interface 
2™ 2716 539° 14.60 2.20 | system 880030 = 7.50 1.13 | for slide fader 880111 7.75 116 
Graphics card Tungable preampifrers 880044 6.25 0,94 Preamplifier for purists 480132-1 5,90 0.89 
2 x @28t23 543° 9.60 1.44 for VHF & UHF TY = 880045 55,60 0,83 980132-212.25 1.84 
printer buffer , 86111-34 6.90 1.04 
+» 2716 $45 7.90 1.10 MAY 1988 Ultrasome distance : 
MSX EPROMrner Plotter 87167 11.50 1.73 meter 880144 7.75 1.16 
1» 27128 552UK 7.30 1,10 Balanced fine driver Peripheral modules for 880159 5.00 0.75 
inkeii iz standad : and receiver 87197 10.50 1.58 BASIC computer 880162 6.00 0.75 
ntalkiene timevetandare: VLE convertor 880029 5.75 0.86 880163 5,40 0.81 
1» 2764 553° 10.00 1.50 Transistor curve tracer 886087 4,60 0,69 
Interface far high- 
nterfa a JUNE 1988 NOVEMBER 1988 
resolution LC scraans . 
1x 2764 560 10.00 1.50 Microcentroller-driven Tracker-ball for Atars ST 87260 = Not available 
i sion far IBM : power supply 880016-119.00 2.B5 Simplified time-signal 
ViOvaxtansion for . . 880016-212.50 1.88 receiver 751d 7.40 1.11 
1 * PALT6LB 561 8.75 3.92 $80016-315.00 2.15 | LFA-150 .. a fast 880092-1 B.45 1.27 
Cuntronics interface for 980016-4 0.75 0.11 power amplifier 880092-2 7.70 1.16 
slide fader 1 » PALIGR4 562 8.75 1.32 ('0 extension card for Harmonic enhancer @80167 6.30 0.95 
aP-contralled radio IBM PC 830038 28.75 4.31 Portable MIDI keyboard 880166 7.85 1.18 
synthesizer 1 x 27C64 564 10.00 1.50 Wideband active aerial 880043-1 6.00 0.90 IR control for stepper 
Portable MIDI keyboard for SW receivers 880043-2 4.75 0,71 motors Nor available 
; Eg FEF operatian pf 
1 x 2764 567 10.00 1.50 P DECEMBER 1988 
Pitch control for CO flogeescent tunes HBOOBE B75: LAB! | (ek i660; wtustioower REGOGIS dat O80 
players 1» 2764 568 10.00 1.50 . amplifier 880092-4 6.45 0.97 
MIO! control unit JULY/AUGUST 1988 Composite-to-TTL 
1. 27064 570 10.00 1,50 | Transmission & adaptor BAOO9B «4.85 0.73 
1» 27064 571 10.00 150 teception 86019 Not available Colour test pattern 
‘ " of RITY 87686X Not available rector 880130 13.30 2,00 
Slave indication unrt 7 generata i , 
Video distribution Autonomous IO con- 
for LT.S, } x 8748H = 700 15.00 2.26 amplifier 87466 Not available F 
‘ , be troller 880162 450 0.68 
EPROM emulator Power switch for cars 87467 Not available BROIGS 4.85 0.73 
1 =< §74BH 701 15.00 2.25 Electrome sand-glass &7406 6.60 0,59 BBO1a4 16.30 2.30 
Microcentroler-driven Fruit machine 87476 = Not available Pitch control for CD 
power supply 1x@751 702 47.50 7.13 0 extension card for players #80165 11.50 1.73 
Transmission & reception iBM 880038 28.60 4.29 


JANUARY 1989 
Thytistar speed control 87200 
880039 18.40 2.76 Fax interface for Atari 
§84002 Not available ST 

MIDI contral unit 


(with gald-plated connector} 
Frequency read-out for 
SW! receivers 
Car tilt alarm 
Lead-acid-battery 


of RITY XS5-100 4.00 1.20 
(Send formatted 3.5 in diskette containing 
MSx.DOS.COM and COMMAND.COM|! 

FAX interface 


Not available 


830109 7.35 1.10 
4801768-1 9,05 1,36 


for Atar’ ST ES5-102 6.00 1.20 charger 884019 Nat available 880178-2 6.65 1.00 
for Archimedes ESS-104 8.00 1.20 Automatic volume Low-budget capaci- 
{Send formatted 3,5 in diskette} contral 884023 Not available tance meter UPB-51 1.95 0.29 
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